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S U M M A R Y 
nie thes is entit led "Studies on synthetic inorganic ion-
exchangers and determination of sahstances" i s organised into s ix 
chapters. !Ehe f i r s t chapter deals with the general introduction, 
the second and third chapters deal with two new inorganic ion-ezehan-^ 
gers . ^ e chapter fourth describes thermodynamic behaviour on an 
inorganic ion-exchanger. The last two chapters describe the 
spectrophotometric determination of organic substances with phenolic 
functional group* 
In the f i r s t chapter a general introduction has been given 
concerning to the silbject of the t h e s i s . A c r i t i c a l review of earl ier 
methods in th i s f i e ld has been described. The l i terature survey i s 
upto 1979 through the available journals and chemical abstracts . A 
table has been given summarizing a l l the ion-exchangers of zirconium 
phosphate type studied so far . 
In the second chapter synthesis of new inorganic ion-exohcogei 
bismuth tungstate has been described, nie material has been prepared^ 
by mixing sodium bismuthate and sodium tungstate under varied 
conditions of temperature and pH. Hie product formed by refluxiag 
« 
at 100 C has been studied in greater detai l than the others for the 
reason of i t s high chemical s t a b i l i t y . I t s composition, chemical 
s tab i l i ty and ion-exchange properties has been studied. In order to 
oheok i t s se lect ive behavioar to different metal ion, the dl0tn%iltltD 
ooeffieients has been determined and separations have been trieA. Ihe 
( i l ) 
• a t e r i a l shoirs high se l ec t iv i ty towards fb^* lAioh has heen separated 
quantitatively from ato^*, Mg^*, Cu^*, Ca^*, Hfc^ *, Ni^*, Vo^*. Bismuth 
tungstate also shows electron ezohange for some strong reducing 
2+ 2+ 
agentS> like Fe , Sn and th ioglycol l io acid. Ihe exchanger after 
using as electron ezch aiger can he regenerated with hydrogen peroxide, 
fhe third chapter deals with the sjmthesis and ion-exchange 
properties of another new inorganic ion-exchanger, tantalum s e l e n i t e . 
The material has been synthesized hy mixing deoimolar solutions of 
tantalum pentoxide and sodium se leni te under varied conditions* The 
product pz^pared at room teiqperature in presence of sulphuric acid 
with overall concentration of acid i s 4*5M has been found to give a 
more satisfactory results* The ion-exchange properties chemical 
s t a b i l i t y thermogravimetric analysisi IB absorption have been studied. 
On the basis of difference in Kd values some important separations 
Pe^* from Mh^*, Cu^*, Ni^*, VO^*, Al'*, Co^*, Zn^* and Ba^* from 
Ca ***, Sr and Ms * have been achieved on the columns of tantalum 
selenite* Ibe industrial application of Pe"^  -Ni separation can be 
used to separate and determine Pe from niokel electroplating bath 
solution* 
In the fourth chapter a siaq^le approach to study the ion-
exchange equil ibria on ferric antimonate has been applied to disouss 
the thermodjmamic b^aviour of the process* The iBflamoe of 
tenqterature within the temperature range 2G-60 C at emstant ionla 
strength has been studied for the pairs of axehaacat V|^ '*'-Na'^ , 
Ba^*-M«*, Sr^*-Ha* and Ca^*-Na** Ihe ralaaa of aaUatiTity coaffiaia«tl 
( 1 1 1 ) 
for tile •zchaBge eqnill^rla bare been caleulatad with the belp of 
perforaed equllibrlun experineats. Ihemodsraaaic eqai l ibriui 
eoastants for every ezobange proeese bave also been ealealated* 
KhovlBg eqallibrimi constant tbe Taluee of tbemodynaaie parameter 
•^ G f AH and AS bave been oalealated. The results have been 
discussed in tbe ligbt of earl ier results obtained on otber ion-
ezcbangers of this type. 
In tbe f i f th chapter a new speetropbotonetric method for the 
detemination of phenols with periodic acid has been described. Ibe 
general recommended procedure i s : one ml of the sample solution 
containing (20-1000 jig) was taken in a tes t tube followed by the 
addition of 2 ml of 2% periodic acid solution. The reacti<m mixture 
shaken well and to this 5 ml of buffer solution of required pH based 
on the nature of phenol was added. It was heated on a water bath at 
60 ^ i C for 15 minutes. Ihe yellow coloured product was transferred 
to 10 ml standard flask, the t e s t tube was washed with water and tbe 
washing were added to the bulk of tbe soluti<m in standard flask* 
Total Toliaae was made upto tiie mark with water and absoz^anoe of this 
solution was measured at 380 nm against reagent blank. Ihe determina-
tion of phenol, pyroeate^ol , pyrogallel , </. -naphthol, quimol, p-oresol, 
m-eresol, 8>qniaoliBol, resoreinol, pbloroglueinol and g a l l i c aoid 
has bo«B dene, fhe effeets of possible wariables ••g* temg^ratore, 
reagent, pH have been sttUlled. • study of interferenoes i s made* 
MeehMiiam of the reaetlem i s disonssed* 
Bl tile lft«t eh«9«er •poetrophotOMttile ««t«fsiMitt«i •i 
pyrocallol md g a l U e aftid by dlaethylamine i s deaarlhei* llie 
( I T ) 
recofflBieiided procedure i s : a 5-10 ml sanple solutioii oeatalaing 
2-250 Jiig pjrrogallol or g a l l i c a d d was taken In a test tube, to this 
2 ml of dlnethylamlne solution and 5 ml of IM auaioniua acetate were 
added) the reaction mixture was shekel for two minutes than 10 ml 
of water and 10 ml of amylalcohol was added and transferred to a 
separatory funnel. jLfter shaking i t was kept for 10 minutes to 
s e t t l e down both the layers . Ibe upper layer was discarded and the 
lower layer was transferred in a standard flask and diluted upto the 
mark with d^lnarallzed water. The ahsoz^ance was measured at 380 
within one hour against reagent blank, fhe method i s simplet 
sensit ive and se lec t ive . Beer's law i s applicable from 3 ng to 200 
of pyrogallol and 2 >ug to 240 Jag of g a l l i c acid, the results are 
precise and standard deviation i s given. Hie method has been applied 
for the determination of these compounds in presence of a number of 
organic compounds. A mechanism of the reaction i s also given* 
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C H A P T E B - I 
INTRODUCTION 
C H A P T E R . I 
INTRODUCTION 
Ihe purpose of analytical research i s to devise nev methods 
of analysis or to improve the existing ones* Qierefore, analytical 
chemistry finds constant application in technology, industiy, 
medicine, agriculture, geology and other f i e l d s . At present no 
material i s taken or released without analytical data* Identif ication 
i s done hy qualitative analysis and determination hy quantitative 
analysis* For an analysis Bome form of pretreatment of sample i s 
usually required so as to remove the interference of other siibstances. 
Separation, in most of the casesi i s one of the important methods 
of pretreatment and involves c l a s s i c a l and modem techniques* Ihe 
precipitation and d i s t i l l a t i o n are the c lass ica l techniques and 
are replaced markedly hy modem techniques as solvent extraction, 
ion-exchange, chromatography, electrometric t i trat ions etc* The 
rapid development of these modem techniques has increased the 
requirements placed in analytical laboratories* 
At present, ion-exchange i s an extremely valuable out of 
these techniques* Ibe ion-exchangers had a great impact on anal3rtical 
chemistry* The use of these materials gave analysts new methods 
for the requir^ents of modem laboratories* Using inorganic and 
organic exchangers we can have a deeper understanding of geological , 
geophysical and biophysical idienomena to explain the b io log ica l 
process* Is laboratory, the application of ion exchangers has made 
possible the chromatographic separation of very complicated natural 
mixtures. Ihe time i s much reduced hy the use of high performance 
chromatographic techniques, ^ e i r use has also been made to the 
solution of previously unsolvable problems. Such as the separation 
of rare earths and recovery of rare elements. The atomic power 
control laboratories and many different industrial laboratories 
are nov unimaginable without the use of ion-exchangers. QSie 
ion-exchange separations offer advantages over the c las s i ca l methods 
of separations (precipitation, f i l t ra t ion e tc . ) for the amount of 
the sample required i s small, a shorter time i s needed and the 
components can siibsequently be determined using rapid instrunental 
or t i tr imetric methods. Rapid and accurate determination of 
constituents of a sample or, contaminents of al loys of complicated 
compositions, b io logical siibstances and f iss ion products of 
radioactive elements has become possible by the use of ion-exchangers. 
Ion-exchange chromatography can be routinely used to overcome 
interactions and troubles in the determination of trace elements of 
geoohemioal interest , before optical or atomic absorption spectro-
photometry and neutron activation analysis . Ion-exchange materials 
are finding increased use in gas-chromatography because they offer 
a great range of potential s e l ec t iv i ty through variation of the 
2 ionic fona of material • All over the world numerous ion-exchanger 
plants are in operation for developing the separations of inorganic, 
organic and biological mixtures. Ihe most important application 
i s s t i l l the purification of water. Ihe water pollution i s 
increasing day by day. However, the methods based on lon-ezchange 
are becoming of promising sueoess when applied to t h i s end. fhe use 
5 
of ion-exchangers on large scale may provide mankind with pure 
water and may be useful for the concentration and extraction of 
the most important metals and raw materials which i s hecoming more 
and more d i f f icu l t to produce* 
Ion-exchange was recognised in the middle of the las t 
century following the investigations of two agricultural chemists, 
llhomson'^  and Way vixo were studying the uptake of f e r t i l i z e r s hy 
s o i l s . Ibey discovered this phenomenon by the name of "base exchange" 
in s o i l s . The exchange involved equivalent quantities of replaceable 
and replaced ions . It was established in 185^ that altaninium 
5 6 s i l i c a t e s were responsible for t h i s exchange ' . According to 
7 8 
Lamberg' and Weigner the materials responsible for this phenomenon 
were defined mainly clays, z e o l i t e s , gluconites and humic acids . 
^ e s e discoveries led to the use of the natural materials for water 
softening. The f i r s t synthetic industrial ion-exchanger was prepared 
Q 
by Harm and Rumpler^ in 1903. Gans was aoibitious to recover gold 
from sea water adopting th i s technique. But he could not f u l f i l his 
ambitions because the material of th i s type available at that time 
proved to be inadequate for the purpose. Gans, however, recognised 
the practical u t i l i t y of the ion-exchange phenomenon for water 
softening using natural and synthetic zeo l i tes and clays * The 
exhausted bed of the ion exchanger was regenerated by passing a 
concentrated solution of sodium or, potassium sal t over i t . Because 
of th is possible regeneration these zeo l i t e s and clays could be used 
over and again. l imitations of zeo l i tes and clays were soon 
recognised i . e . zeol i tes are decomposed by acids and clays are 
di f f i cu l t to handle. To overcome these d i f f i cu l t i e s a search of 
11 
stable ion-exchange materials was started. In 1931 Kullgran 
observed that sulphite cel lulose works as an ion-exch aiger for the 
determination of copper. An interesting discovery began in 1935 when 
Adams and Holmes found that crushed phonograph records exhibit 
ion-exchange properties. The remarkable effect led the inventors to 
the synthesis of organic ion-exchange resins which had much better 
12 properties than any of the previous products • These resins are 
stable towards acids and easy to handle. Ibe structure can be 
varied as desired, therefore, the d i f f i c u l t i e s observed with zeo l i tes 
and clays were removed by introduction of res ins . Since then these 
organic ion-exchangers have been used both in laboratories and 
industries for separations, recoveries of metals, delonization of 
water, concentration of electrolyl^es and elucidating the mechanism 
1*5 
of great many reactions "^* Hie applications of these ion-exchange 
resins progressed so irapidly that the theory lagged behind and 
could not follow the experiments. 
Just as the applications of the zeo l i tes are limited so are 
those with organic ion-exchange resins under certain conditions. The 
resins are instable in aqueous systems at high temperatures and in 
presence of ionizing radiations. For these reasons there has been 
a resurgence of Interest in inorganic ion-exchangers in recent years 
as they are unaffected by ionizing radiations and are l e s s sensitive 
to higher temperatures. The structure of these inorganic ion-
exchangers ia s t i f f therefore, they are more se lec t ive and suitable 
for the separation of ions on the bas is of their different pore 
s i z e s . Biey can also be used as ionic or molecular s i eves . Being 
stable towards ionizing radiations, they can be used advantageously 
in reactor technology. Inorganic ion-exchange menibranes have also 
recently been used preferably over organic ones because of the 
inorganic membranes could permit higher temperatures to be used and 
higher s e l ec t iv i ty for certain ions* 
^ e se l ec t iv i ty of inorganic ion-exchangers has been 
14 
uti l ized for the preparation of ion se lect ive electrodes . The 
ion se lect ive electrodes have now become important tool for solving 
various analytical problems -^ ', 
In order to understand the applications and to improve upon 
them, systemetic fundamental studies are being pursuaded on these 
materials. Ibis new interest in inorganic ion-exchangers may be 
18 
said to begin in 1943* It was shown by Boyd that columns 
containing f inal ly divided zirconium phosphate supported on s i l i c a 
wool could be used to separate uranium and plutonium from f iss ion 
products by an ion-exchange process. In addition to zirconiim 
lAiosphate many other similar substances may be prepared by combining 
oxides of group IV with the more acidic oxides of groups V and VI 
of the periodic table. 
Bie various inorganic ion-exchangers reported upto 1963 have 
been admirably reviewed in the monograph of Amphlett ^ which has 
become a c lass ic in th i s f i e l d . Die studies on these materials 
fr<HB 1963-i969 have been sumaarlzed by Pekarek and Vesely * 
under the following heads: 
1, Hydrous oxides, 
2. Acidic salts of multivalent metals, 
3» Salts of heteropolyacids, 
4. Insoluble ferrocyanides, 
5* Synthetic aluminosilicates, and 
6* Certain other substances e«g« synthetic apatites, sulphides 
and alkaline earth sulphates* 
Harinsky has summarized the theoretical aspects of exchange 
id app] 
22-26 
27 i n inorganic ion-exchange materia ls • The s y n t h e s i s an ppl i ca t ions 
of inorganic ion-exchangers have been reviewed "by Walton 
Recent review< on the appl icat ions of ion-exchange have been ed i t ed 
28 2Q 
hy Marinsky and Walton ^. The recent trends in the f i e l d of 
ion-exchange have been summarized in the Journal of Chromatography 
volume 102 (1974) which contains the papers presented at the t h i r d 
symposium on ion-exchange held a t Ba la tonf i i red (Hungry) May 28-31, 
1974. Ihe papers presented were divided in to four s e c t i o n s ; 
( i ) ion-exchange mater ia l s , ( i i ) theory of ion-exchange, ( i i i ) analy-
t i c a l appl ica t ions and ( iv ) ion-exchange technology. 
Hbe synthes i s of new materia ls have been reported by 
numerous authors defining d i f f eren t types of amorphous,poorly 
c r y s t a l l i n e and c r y s t a l l i n e mater ia l s . Host of these studied are 
stmmiarized in Table ! • !Rie theory of ion-exchange and the use of 
ion-exchangers in laborator ies and f a c t o r i e s i s a f lour ish ing 
d i s c i p l i n e * fhe appl ica t ions of ion-exchangers i n the laborator ies 
as made posslblei the chromatographic separat ion of very complicated 
mixtures. The se lec t ive use of inorganic ion-exchangers may-
provide a useful means to concentrate and e x t r a c t the most important 
metals from labora tor ies vas tes and loca l concentrated samples. 
1*he appl ica t ions of ion-exchange to some important processes t ha t 
occur a t high temperatures or in the presence of ionis ing r ad ia t ion 
or highly oxidising media are severely l imi ted on commercially 
avai lable ion-exchange r e s i n s . However, the use of synthet ic 
inorganic ion-exchangers can be made under these condi t ions . 
Until recent ly , the insoluble acid s a l t s of polyvalent 
metals have been obtained as gelat inous substances. Ibe zirconium 
phosphate i s probably the f i r s t and the most studied of a l l the 
ion-exchangers. Crys ta l l i za t ion some of them have improved the 
chemical s t a b i l i t y and reproduc ib i l i ty in the ion-exchange behaviour. 
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A search of l i t e r a t u r e shows that very l i t t l e work has heen 
done on bismuth, Iron and tantalum based exchangers* Therefore, I t 
was decided to synthes ise bismuth tungstate and tantalum s e l e n i t e , 
niermodynamic s tudies were made on f e r r i c antimonate which g i v e s 
revers ib le isotherms with a lkal ine earth metal i o n s . 
For a complete descr ipt ion of a material as an ion-exchanger 
the fol lowing propert ies must be s tudied: 
1 . Ibe ion-exchange capac i ty , 
2* Ibe re s i s tance towards ac ids and b a s e s , 
3* Composition, 
h, Potentiometric t i t r a t i o n s , 
5* Di s tr ibut ion of counter ions between so lut ion and exchanger i^iases, 
6* ISiermodynamics, 
7* Kinet i c s , and 
8 . Analyt ica l appl icat ions* 
Ion-exchange capacity i s one of the most fundamental 
quant i t i e s for character izat ion of any ion-exchange material* For 
a strong ion-exchanger, the capaci ty can readi ly be determined by 
d i r e c t t i t r a t i o n * Various types of c a p a c i t i e s can be expressed in 
d i f f erent manners. Ibe equilibrium ion-exchange capac i ty for a 
strong ion-exchanger can be determined by d irec t t i t r a t i o n of strong 
ca t ion exchanger ( i n H*** form) with a strong base* Majority of the 
synthet ic inorganic ion-exchangers behaves as a weak ion-exchanger 
and therefore , the d irec t t i t r a t i o n i s not r e l i a b l e . In t h i s case 
ion-exchange capacity i s determined by replacement of hydrogen ions 
2S 
from the exchanger jUiase hy the counter Ions of a neut ra l s a l t 
solut ion and of deteniiining the equl l ihr i tn i ion-exchange capaci ty 
i s by pH-ti t r a t i o n s . Maximim ion-exchange capaci ty equal to the 
numbers of ionogenic groups per specif ied amount of ion-exchanger 
may d i r ec t l y be determined by simple column operat ion passing the 
e l e c t r o l y t i c solut ion over the ion-exchange mater ia l ( in H* form) 
and t i t r a t i n g the l ibera ted acid in the eff luent by a standard base 
so lu t ion . Although the pure ion-exchange capaci ty of a so l id 
ion-exchanger can be determined in several ways, a gravimetr ic 
method ' ' offers for many ion-exchangers the advantage of r e l a t i v e l y 
high accuracy and very simple equipment requirements for only on 
difference weighing without any ana ly t i c a l chemical determination 
of ion . Break-through capacity -^  i . e . the useful capacity for 
u t i l i z i n g the column operat ions, i s of importance when the r a t e of 
exchange i s slow. This r a t e may be so slow tha t the t o t a l capaci ty 
may not be u t i l i z e d in an ac tua l opera t ion . Ihe operation i s 
discontinued a t break-through before reaching the complete 
equillbriimi. fh is capacity which i s u t i l i zed u n t i l break-through 
occurs i s known as break-through capaci ty or dynamic capaci ty . I t 
depends upon operating conditions and i s lower than the equil ibrium 
ion-exchange capac i ty . 
The ion-exchange mater ial must be studied for chemical 
s t a b i l i t y in ac id ic and bas ic media to check i t s l i m i t a t i o n s . 
Potentiometrie t i t r a t i o n s are helpful in finding irtiether 
the exchanger i s monofunotional or polyfunct lonal . Alber t i has 
24 
studied titration curves in detail on zirconium phosphate with 
O'KQ 
alkaline earth metal hydroxides . He observed that these curves 
are strongly affected by hydrolysis of exchanger and precipitation 
Of insoluble phosphates. He found that Ca precipitates on the 
2+ 2+ 
exchanger at 70^ exchange, Sr at 80% exchange and Ba at 100% 
exchange. No exchange was found with MgCOH)^ probably because the 
hydrated ion of Mg is very large and it cannot penetrate in the 
cavity of the exchanger. He also studied the forward and reverse 
Na -K ion-exchange isotherm and found that Na -K exchange in 
an aqueous solution is a two step process with partial phase 
solubility. Alberti also studied the ion-exchange on crystalline 
zirconium phosphate prepared either by the refluxing procedure or 
241 by direct precipitation procedure . It was observed that two 
materials, although exhibiting similar x-ray powder patterns, possess 
different ion-exchange behaviour. 
Thermodynamics is a powerful tool for investigating the 
conditions at equilibrium. However, it is interested only in the 
initial and final states of a system and it does not consider about 
the mechanism of the change of one state to the other and the time 
required thereon. Ibese factors are considered with kinetics. 
Ion-exchange equilibria may be described by two theoretical 
approaches viz. (a) based on the law of mass action, and (b) based 
on the Donnan theory. From a theoretical point of view the Donnan 
theory has the advantage of permitting a more elegant interpretation 
of the thermodynamic behaviour of ion-exchangers. However from a 
practical point of view, the mass action approach, modified in terms 
25 
of a c t i v i t y c o e f f i c i e n t s , i s s impler . The most Important treatment 
In ion-exchange i s the study of chemical equilibrium which, of course, 
i s a study i n thermodynamics. Inorganic ion-exchangers o f f er the 
advantages for these s tudies because of t h e i r r i g i d s tructure , 
n e g l i g i b l e swell ing and d i f f e r e n t i a l s e l e c t i v i t y . The equilibrium 
set up between the exchanger and the so lu t ion {diases i n which the 
counter ions a* and b* are d i s t r ibuted to d i f ferent degrees can be 
represented by chemical equation 
R* A* + B* ^ B~ B* + A* ( 1 ) 
aq *- aq * ' 
For the sake of convenience the e f f e c t of co - ions on the 
equilibrium may be neg lec ted . A thermodynamic equil ibrium constant 
K may be wri t ten as 
a 
°B8 • "K . W . CA] ^ VBB . Y A . , . . ( 2 ) 
a a ^ . ag CBA] . W ' YBA 'Y 
lAere a represents a c t i v i t y , V i s a c t i v i t y c o e f f i c i e n t . 
In coimBon pract ice use of concentration equil ibrium constant, 
^ , i s made to measure the tendency of the exchanger to s e l e c t b / a . 
Thus 
Par t i cu lar ly in cases irtiere chromatographic app l i ca t ions 
are involved, the use of an isotherm i s frequently made t o represent 
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the selective uptake of one ion over the other. However, the 
distribution coefficient is of value as a practical guide to the 
separation procedures in chromatography. Ihe distribution 
coefficient for an ion a* is given by 
Ka a Amount of cation present in exchanger phase g -1 
Amount of cation present in solution phase ; ^ i - - < * > 
Tte general use of d i s t r i b u t i o n c o e f f i c i e n t i s made in 
e lu t ion techniques used in separat ions . The rate a t which ions move 
in ion-exchange chromatography i s proportional to t h e i r d i s t r i b u t i o n 
c o e f f i c i e n t . 
Hie part icular use of thezmodynamlc equilibrium constant i s 
made to f ind out the free energy changes in the ion-exchange processes 
The i o n i c s e l e c t i v i t y I s governed by the lowering of free energy of 
the system i s an important fac tor i^ lch g i v e s the information about 
the p r e f e r e n t i a l uptake of ca t ion by the exchanger. Snowing E values 
at d i f f erent temperatures the enthalpy changes of the system may 
a l so be eva luated . Tbe enthalpy change i s the property most 
d i r e c t l y re la ted to the changes in the numbers and strength of bonds 
in the ion-exchange r e a c t i o n s . 
Ihe ion-exchange react ion (equation l ) provides that 
s tructura l changes within the exchanger are small, the most important 
factor inf luencing the entropy change in the react ion Involving the 
exchange of equally charged ions w i l l be expected to r e s u l t frcxn 
changes i n l i b e r a t i o n entropy nay a l so play an important part , the 
27 
overa l l entropy i f t l l r e f l e c t changes In randomness in the Ion-
exchange react ion , the driving forces being the tendency for the 
system to go to the most probable, that i s the most random s ta te* 
Ttie ion-exchange e q u i l i b r i a of Li , Na , K and Cs was 
242 243 
studied by Larsen and Vissers and Gal and Ruvarac on amorphous 
zirconium phosphate of various composition and proper t i e s . Recently, 
extent ion s tud ie s on the ion-exchange thermodynamics of a l k a l i 
ca t ions have been made v i t h more defined semicxysta l l ine and 
"^^ 40 244—254 
c r y s t a l l i n e zirconium phosphate * * • Diey in terpreted the 
thermodynamic parameters in forms of nature of the bonding between 
the a l k a l i metal ion and the matrix. A l i t t l e a t tent ion has been 
paid for the thermodjniafflic s tud ie s of di and polyvalent c a t i o n s . 
oKtt 2+ 2+ •'5+ ''!+ 
Baet s l e '^ "^  s tudied the exchange of Ca , Sr , Ce and Eu*^  ions 
with hydrogen both at micro and macro concentrations l e v e l s over a 
range of temperature (5-70 C) on z irconyl phosphate. The exchange 
equilibrium s tudies of Ca^* — H* ^^^ and UOg* — H* ^^ "^  have 
been made by Ruvarac on c r y s t a l l i n e zirconium phosi^ate . Recently 
the ion exchange e q u i l i b r i a on cobal t (11) hexacynoferrate ( l l ) have 
258 been made by Ceranic and Adamovic . Similar s tudies have a lso 25Q been reported on hydrous z i rcon ia , anion exchanger, by Nancollas , 
The thermodynamics of ion-exchange on z e o l i t e s have been made with 
a grea ter ex ten t . R.M.Barrer, H.S.Sierry and A.Dyer s tudied the 
e f f e c t of temperature on ion exchange with d i f ferent z e o l i t e s in 
various c a t i o n i c fonns. Tbcs^^calculated the thermodynamic parameters. 
Ihe d i s t r i b u t i o n of an ion between the exchanger and s o l u t i o n 
phases i s a measurement of s e l e c t i v i t y . Often, the ion-exchanger 
rt !8 
takes up certain ions in preference to the other present counter ions, 
•ntiis s e l ec t iv i ty may depend, mainly upon: ( i ) Donnan potential , 
( i i ) s ieve action, and ( i l i ) complex formation. Hie s e l ec t iv i ty i s 
an important factor to study the separations. On the bas is of 
distribution coeff icients i t i s possible to predict the separation 
of one ion from the other. 
The inorganic ion-exchangers have found numerous important 
analyt ical applications as categorized below: 
( i ) purification of substances on a large scale, 
( i i ) Separation of one ion from the other on a small ion-exchanger 
column, 
( i l i ) Ion-exchange paper chromatographic separations, 
( iv ) Electrophoresis, 
( v) Ion-exchanger for gas chromatography, 
( v l ) sol id state separations, 
( v i i ) Specific spot t e s t s , 
( v l i i ) Use of ion-exchanger beads to locate the end point in 
t i t rat ion , and 
( ix ) Use of ion select ive electrodes. 
Purification on a large scale can be made by passing the 
sample solution through the ion-exchanger beds which take up certain 
materials in preference of others. The exchanger bed can be 
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regenerated into suitable form by conventional methods • IHie 
technique can also be u t i l i s ed to recover traces of elements from 
the di lute solutions* Itae elements present in ionic form are 
exchanged by equivalent amount of the counter ion present in the 
2Ti 
exchanger, like elements can l>e e luted from the exchanger by 
su i tab le e l e c t r o l y t i c reagent . Ion-exchange i s , with very lew 
except ions , a revers ib le process . "Hie m e t a l l i c ions are exchanged 
s to i ch iometr i ca l l y with hydrogen ions in exchanger phase and the 
metal i ons can be determined i n d i r e c t l y by the app l i ca t ion of 
exchange react ions: 
nHH* + M"* ^ MR^  + nH* 
where R represents the s t ruc tura l unit of the ion-exchanger, and 
H* and are the cat ions taking part in the ion-exchange. A 
s imi lar method can be adopted for the replacement of anions by 
hydroxyl ions s t o i c h i o m e t r i c a l l y . 
Ion-exchange has reso lved the most d i f f i c u l t problem in 
chemical ana lys i s te* separation of t y p i c a l components having 
s imi lar enough propert ies* Column chromatography i s valuable , 
s ince the stibstances separated are c o l l e c t e d q u a n t i t a t i v e l y . 
Since the c r y s t a l l i n e ion-exchangers have c a v i t i e s of 
d e f i n i t e s i z e , they a lso possess ion s i eve p r o p e r t i e s . Ibe counter 
ions having larger radii than the holes in the c a v i t y cannot penetrate 
and therefore , they can be separated from those smaller ions which 
can e a s i l y enter in to the c a v i t y . These separat ions were f i r s t 
achieved by Clearf ie ld on zirconium phosphate c r y s t a l s and are 
3G 
summarized below: 
Zirconium {diosphate and anhydrous metal s a l t were heated in 
a platinum d i s h . Ibe exchange react ion taking place i s represented 
by the following equation: 
Zr(HP0^)2.H20 + 2/X MClj^  ^ ^^i^)2/X ^^^4^2 * ^ ^ ^ '*' ^2^ 
T&en zinc chloride or hafnitmi chloride were exchanged a new phase 
was obtained which persisted to about 2/3 of total capacity of 
exchanger. Ibese wide ranges of metal content forming the same 
structure indicate that solid solutions of cation within crystal 
lattice are forming. Hie fact that a variety of cation type gives 
the same phases (almost identical interplaner spacing but different 
intensities) indicates that the crystal lattice remains rigid with 
the cations occupying similar exchanged sites. Ilbis is unlike the 
behaviour of zirconium phosphate exchanging ions in aqueous 
electrolyte solution where the lattice expands by the movement of 
the (7^ -zirconium phosphate layers to accommodate hydrated cations. 
Ihe elution of cations with dilute acid solutions proved the 
phenomenon as ion>exchange, the cations could also be removed by 
contacting the exchange phases with gaseous hydrogen chloride. 
Some ion-exchange separations were also achieved. A solution 
containing equal parts of lithium chloride and caesium chloride was 
evaporated to dryness and the dry salt mixture was ground togather 
0 
with oC -zirconium phosphate. On heat ing the mixture at 125 C 
l i thium exchanged leaving caesium because the c a v i t i e s are laz^ge 
SI 
o ^ 
enough to permit a cation of about 2-6 A* Hhns Cs should he 
excluded as vas observed experimentally. 
However, very few literature is available on ion-exchange 
262 in molten salt. Alberti and Allulli treated ion-exchange on 
amorphous zirconium phosphate in molten nitrates. Biey found that 
lithium ion is greatly preferred over potassium ions by the exchanger, 
Alberti also studied the specific conductance of amorphous 
zirconlim phosphate in 11*, Na*, K* and Cs* forms over the range 
2-40% conversions '^. Hie specific conductance of Li and Cs forms 
was found to decrease with percent conversion while that of the Na 
and K* forms first increases and then decreases as conversion 
proceeds. A tentative model was proposed to explain the observed 
phenomenon. 
Over last three decades there has been an Increased interest 
in the field of organic analysis, which may be divided into three 
groups: (i) Elemental analysis, (11) Functional group analysis, and 
(ill) Analysis of compounds individually. 
Elemental analysis, although main source for qualitative 
and quantitative analysis of organic compounds in the past, is less 
useful technique at present. When an organic chemist is certain 
about a s3mthetic compound when this analysis gives a useful means 
to confirm the Identity of the product. To verify the identity of 
an organic c(nnpound quantitatively by determining the functional 
groups has been recognised as more advantageous than the elemental 
analysis as the functional group analysis is based on the molecules 
82 
of the particular type of the compound and it gives more 
characteristic information than the elements. Functional group 
analysis also eliminates the uncertainty which exists in elemental 
analysis where the practical results do not concide with the 
theoretical values. At present the field of functional group 
analysis is heing developed at a rapid rate. Ihe important work 
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on functional group analysis has been reviewed by CSieronis and Ma , 
S.Siggia^^^ and P.T.Weiss^^^. 
The direct determination of a component in a mixture would 
be the most satisfactory procedure. This requires not only the 
functional group analysis but also of additional specific reactions 
for the particular component. In certain cases where specific 
reactions are not available the approach has been made to the 
selective determinations. 
Determination of ox^anic compounds in trace and lower amount 
is of paramount importance. Ihe principal technique used for this 
purpose are: spectroscopic, chromatographic, electrochemical and 
radiotracer techniques. Ttie spectroscopic techniques include 
nuclear magnetic resonance, mass spectrometry, ultraviolet, infrared 
and visible spectrophotometry. The chromatographic methods include 
paper, thin layer, column, ion-exchange electrochromatography and 
gas chromatography. Die use of modern liquid chromatograi^y offers 
some advantages because of convenience accuracy, speed and resolution, 
The electrical methods mainly used for this purpose are polarography, 
voltametry and amperometry. The radio tracer techniques include 
ss 
mainly the Isotopic dilution and the activation analysis. Every 
technique has got its own merits and demerits* 
'Bie use of spectroscopic methods, however, has heen made on 
the largest scale in organic analysis. The use of spectrophotometry 
applied in visible region (colorimetry) is preferred because of its 
simplicity and suitability irtiere colour is observed by a particular 
reaction given by an organic compound. In the last few decades 
the developments in this techniques have been very extensive. 
Although colorimetric methods are among the earliest 
instrumental techniques but even today they are considered to be 
one of the top ranking methods because of there over all utility, 
Uiese methods are based fundamentally on the light absorptive 
capacity of the coloured materials in the solution form. Hhe tez*m 
colorimetry has been used to determine the colour forming substances. 
However, the term visible absorptiometry is preferred. In other 
words photometry and spectrophotometry are in much usage at present 
by the chemists in place of colorimetry. 
Colorimetry was recognised only about 1850. From 1850 to 
1900 there appeared some well known methods mainly for inorganic 
analysis but the progress was slow. Interest has been developed in 
twentieth centuary and during the last few decades extensive work 
has been done on colorimetric determination of sifi)stances of 
inorganic and organic origin. In the field of inorganic analysis 
some books and reviews have been appeared during recent years. 
267 Vxe treatise by Snell and Snell ' has been classic book in this 
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field and the book by Weiss reviews the recent work on the basis 
of functional group analysis. 
For spectrophotometrlo determinations certain requirements 
must be fulfilled. Ibe important ones are the selection of an 
optimum wavelength, application of Beer's law, stability of colour, 
sensitivity and selectivity of the method. 
Spectrophotometry is one of the most important methods for 
elucidating the structure of complexes. Determination of mole ratio 
is frequently utilized to identify the complex. Mie mole ratio can 
be ascertained by three different procedures: 
( 1) Title method of continuous variation attributable to job, 
(11) The mole ratio method introduced by Yoe and Jones, and 
(ill) Ihe slope ratio method given by Harvey and Manning. 
Hie organic compounds may be classified into the following 
broad ways based on the presence of different functional groups: 
acids, carbonyl compounds, esters, alcohols, phenols, ethers, amines, 
amides, nitrocompounds, hydrazines and sulpher compounds. The 
emphasis has been given on phenols in the present work. 
A phenol is frequently described as aromatic alcohol. Hbe 
OH group is attached to an aromatic ring in these compounds. Because 
the phenolic hydroxyl is weakly acidic it can also be determined 
by titration with a quaternary ammonium hydride in a nonaqueous 
solvent. Hie important methods for the determination of phenols 
are: acetylatlon acidimetry and colorlmetrlc determination. 
S5 
Tbe present worlc i s undertaken to synthesise two new 
Inorganic ion-exchangers bismuth tungs ta te and tantalum s e l e n i t e . 
IBie materials have heen studied for t h e i r ion-exchange proper t ies 
e . g . capacity, pR t i t r a t i o n , Ed values e t c . chemical and thermal 
s t a b i l i t i e s have also been determined. The ana ly t i ca l p o t e n t i a l 
of exchangers i s judged by achieving the important separat ions of 
metal ions on the column of the m a t e r i a l s . Biermodynamic studies 
are made on f e r r i c antimonate for Mg *, Sr *, Ca * and Ba "*". 
A spectrophotometric method has been developed for the 
determination of phenols with per iodic ac id . The spectrophotometric 
determination of pyrogal lo l and g a l l i c acid has a lso been developed 
by a colour react ion given by the act ion of these compounds with 
dimethylamlne. The s u i t a b i l i t y of the methods i s checked in terms 
of s e n s i t i v i t y , s e l e c t i v i t y , accuracy and p rec i s ion . The range 
for the app l i cab i l i t y of Beer 's law i s determined and the study of 
in ter ferences i s made. Hie mechanism of reac t ions i s a lso discussed. 
S6 
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C H A P T E R - II 
SYNTHESIS, ION-EXCHANGE PROPERTIES OF BISMUIH TUNGSTATE AND ITS USE 
AS A LEAD SEI^CTIVB INORGANIC ION-EXCHANGER 
Ion exchange is becoming an important tool in chemical 
analysis . The column technique has heen used to remove the 
interfering materials and to hold selectively the material of 
interest. Inorganic ion-exchangers have spectacularly high 
selectivities for one ion or a group of ions that may then he used 
for their separations and extraction. Zirconium phosphate is the 
most studied of all the synthetic inorganic ion-exchangers and 
2 
shows very high selectivity towards caesium ion . The selectivity 
of other ion-exchangers towards certain metal ions have been reported 
in the literature^* »5»D^ Bismuth based exchangers are not very 
much studied. Bismuth tellurate has been reported to show ion exchange 
7 
properties . A search of the literature shows that no studies 
have been reported on the ion exchange behaviour of bismuth tungstate. 
This material has been found to be selective for lead ions. This 
chapter deals with the preparation, properties and applications of 
bismuth tungstate as a selective inorganic ion-exchanger. 
5£ 
KXPERIMEWTAL 
Apparatus 
A temperature controlled SICO shaker, Bausch and Lonib 
spectronic 20 and 'ELICO' pH meter model 11-10 were used for shaking, 
spectrophotometrlc and pH measurements respectively. The I.B. studies 
were measured hy ^SPEKTBOHOM 2000* (Budapest) Infrared spectrophoto-
meter* 
Reagents and solutions 
Sodicmi tungstate (B.D.H.) was dissolved in water to prepare 
0*1M solution. Sodium bismuthate solution was prepared in nitric 
acid and water was added so as to have the final concentration of 
BNO. to be 1.5H in the solution. 
All the solutions of various cations, used for Ed values 
and separation studies, were prepared hy taking 200 mg - 400 ng salt 
of the particular cation dissolving in 100 ml of demineralized water. 
Synthesis procedure 
Seven samples of bismuth tungstate were prepared by mixing 
O.IM sodiiw tungstate and O.IH sodium bismuthate in the volime ratio 
of 1:1. Ibe sodium bismuthate was added to sodium tungstate 
solution and the desired pH was adju sted by adding HNO- or ammonium 
hydroxide solution, 'Bxe refluxed sample (numbered as 7) was 
prepared by refluxing the mother liquor of sample 1 for 24 hours 
at 100 C« Ihe precipitate was filtered off, washed with demineralized 
water and dried In an incubator at 40 C* Ibe material was converted 
to hydrogen form by treatment wildi 2.0M nitrio acid for 24 hours 
with occasional shaking and intermittantly changing nitric acid. 
Finally it was washed with demineralized water and dried at 40 C. 
!Ilie sieve fraction 25-50 mesh was used for distrihution studies. 
The conditions of preparation are simmiarized in Tahle 2. 
SYNTHESIS AND PROPERTIES OF BISMUTH TUNGSTATE 
Sample Conditions of synthesis 
! 
Properties 
T T 
pH of final Temperature Colour in Ion-
solution at which „+ ^ --_- exchange 
sample lonn capacity 
prepared meq/g for 
Na* 
Composition 
Bi : W 
1 
2 
3 
4 
5 
6 
7 
0 
3 
5 
Negative 
Negative 
Negative 
Negative 
25*C 
25*0 
25*0 
25*0 
60*C 
90 C 
Befluxed at 
iOO*C 
Yellowish 
whi t e 
n 
n 
It 
U g h t 
yel low 
« 
II 
0.57 
0 .55 
0 .74 
0 .65 
0 .63 
0 .53 
0 .52 
i : 1 . 9 9 
i : 2 . 0 0 
1;2.10 
1:1.99 
1:1.98 
1:1.99 
1:1.99 
Ion exchange capacity 
Column procedure; Ibe ion exchange capacity of different samples 
of bismuth tungstate was determined by talcing 1 g of exchanger in 
hydrogen form in a column with a glass wool support. Tbe salt 
solution (l.O H ) was passed through the column, lixe eluent was 
collected and hydrogen ions eluted in the form of acid were titrated 
with standard sodium- hydroxide solution. 
Gravimetric procedure; Bie ion exchange capacity of bismuth 
tungstate (sample 7) was determined by the gravimetric method 
Q 
following the procedure given by K.Bunze and B.Sanson! • Tbe 
bismuth tungstate 2-»3 g was taken in a column and 1*0 M nitric acid 
was passed to load the exchanger with hydrogen ion. After washing 
the saiqple with demineralized water until the eluent was free of 
o 
hydrogen ions, the saarple was dried at 4o C. From this sample a 
definite (1.0000 g for each column) of exchanger was taken in two 
columns. In the first column, 400 ml of 1.0 M solution of 
particular divalent metal ion was passed and th^a the column was 
washed with demineralized water, until no further metal ion can be 
detected in the eluent* In the second column 400 ml of demineralized 
water was passed, fhe exchanger from these columns I and II was 
transferred carefully to weighing bottles I and II respectively 
and dried in controlled temperature oven at 110 C for 36 hours* 
Ihe weighing bottles were taken off from the oven and were placed 
in a desiccator for some time and then weighed. 
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Chemical analysis 
C3ieiBioal analysis was carried out for all 7 samples of 
bismuth tungstate qualitatively as veil as quantitatively. 
(i) Qualitative analysis: To perform this analysis, a small amount 
of each sample was fused vlth sodium carbonate and potassium nitrate. 
Ihe fused product was dissolved in dilute nitric acid. 3-^ drops of 
the solution were mixed on the spot test plate with 3->5 drops of 10% 
thiourea, the yellow colour appears which confirms the presence of 
bismuth. By taking other 3-4 drops of the sample solution on a spot-
test plate 25% stannous chloride solution in concentrated hydrochloric 
acid was added, a blue colour was observed for tungsten. 
(11) Quantitative analysis; To perform this analysis a 200 mg 
portion of exchanger was fused with 0*3 g of sodium carbonate and 
0.5 g of potassium nitrate in a platinum crucible. Hie fused 
product was dissolved in water and filtered off. The residue was 
dissolved in dilute nitric acid* Bismuth was estimated volumetri-
o 
oally^ in the dilute nitric acid solution with SDTA. The potassium 
iodide was used as an indicator. The tungsten was determined 
10 gravlraetrioally in the filterate, (which was filtered off after 
dissolving fused product in demlnerallzed water) with mercurous 
nitrate. The saturated solution of mercurous nitrate was prepared 
with a slight heating by adding few drops of concentrated nitric 
acid. Mercurous nitrate was added to tungsten containing solution. 
The precipitate (mercurous tungstate) was heated 50-60 C for half 
56 
an hour then filtered off on llhatman 42 paper, Die precipitate 
was dried and ignited in a crucible and weighed as Y0-. 
CaieiBical 81ability 
To determine the chemical stability of this material 
0.5 g of exchanger in hydrogen form was shaken with 50 ml of 
appropriate solvent for six hours at room temperature. In 
supeimatent layer bisoouth was determined spectrophotometrically 
11 by thiourea method • 5 ml of supernatent liquid was taken in 
25 ml standard flask, 10 ml of 1:15 nitric acid was added then 
2 ml of 5% thiourea solution was added with accuracy to 0.1 ml 
and diluted vtpto the mark with 1:15 nitric acid. Hie absorbance 
was measured at 420 nm and the amount of bismuth was obtained from 
the calibration curve plotted with standard bismuth solutions. 
Ibe tungsten was estimated spectrophotometrically using thiocynate, 
12 
stannous chloride method • A 5 ml portion of supernatant solution 
was taken In 25 ml standard flask and 1 ml of 50?^  tartaric acid 
solution, 1.5 ml of 50^ sodium thiocynate solution were added and 
diluted upto the mark with 7% stannous chloride solution. Absorbance 
was measured at 420 nm after 20 minutes and the amount of tungsten 
was estimated with the help of a calibration curve plotted with 
standard tungsten solutions. 
Potentioaetrlc titration 
Ihe pH titrations of bismuth tungstate sample 7 were 
performed with lithiiai hydroxide, sodium hydroxide, potassium 
57 
hydroxide and annoniiDi hydroxide with their respective salts, 
by the method of Topp and Pepper -'^  To perform these titrations 
O.IM alkali solution and O.IM salt solution were added* Ihe 
mixing ratio of alkali solution and its salt was taken in such 
a way that the total volume 50 ml was maintained in a conical flask* 
Hie 0*5 g of bismuth tungstate in H form was added in each conical 
flask. All flasks were shaken at room temperature and pH of the 
solution after shaking for four hours was noted* 
Bismuth tungstate was converted to sodium form by passing 
2,0M sodium nitrate solution over a column containing 5-10 gm of 
exchanger with glass wool support. Ibe excess of sodium was washed 
by passing the demineralized water and dried at %0 C* Ibe reverse 
pH titration was done with O.iOM HCl and 0*iOH NaCl and the 
exchanger was in sodium form* HCl and NaCl solutions were added 
in such a ratio that the total volume was 50 ml with 0*5 g exchanger 
and shaken for four hours* The pH of the supematent solution was 
then measured* 
Distribution studies 
Ibe distribution coefficients of 30 metal ions were 
determined by the batch process* A particular salt solution having 
a known amount of cation, was taken in a conical flask containing 
0*5 g of exchanger in hydrogen font. Tike total volume was made 
upto 50 ml with water, shaking was done for six hours at room 
temperature. In stq^ematent liquid the amount of cation was 
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detemdned. UOg and Ag* were determined speotrophotometrically 
14 15 
by hydrogen peroxide method and by dlthlozone method '^  respectively. 
Other metal ions were determined by EDTA titrations. 
Ion exchange column preparation 
For separation studies, 2 g of bismuth tungstate in H'*' form 
was taken in a glass column with a glass wool 8iq[)port. ^ e column 
was washed with deralnerallzed water and the amount of cation added 
to the column was less than 3% of the experimental ion exchange 
capacity of the exchanger. Ibe cation solutions were applied on 
the bed of exchanger and kept tq>to 24 hours without any disturbance 
then solutions were recycled 2-3 times and eluted with different 
eluents. ISie eluents were the dilute solutions of ammonium nitrate 
and nitric acid. Ihe effluent was collected (at the rate of 0*5 nl 
per minute) in the fractions of 10 ml and estimation of cations 
was done in each fraction of effluent separately. 
Electron exchange 
For electron exchange behaviour of bismuth tungstate, 
2 g of exchanger in H*** fozm was taken in a glass column and the 
solution of lower valent metal ion was passed with 2-3 times 
reoycllzation. The metal ion was then eluted with l.OM sodium 
nitrate, the effluent was collected and tested for oxidized species 
by spot tests. The exchanger was regenerated by passing B-JDn 
solution. 
5G 
BESUUrS 
ion exchange studies 
(1) Column Ion exchange capacity: The results of the Ion exchange 
capacity of different samples determined id.th sodium nitrate are 
summarized in Table 2. In order to find out the Ion exchange 
capacity with different unl and divalent cations the following 
solutions were taken as the eluents: 2M NaNO_, 2M ENO», 2M LiCl, 
IM Mg(N0.)2, IM Ca(N0-)2, IM Sr(N0j)2 and IM Ba(N0j)2. Only the 
refluxed product I.e. sample No.7 was taken for these detezminations< 
Ibe results are summarized in Table 3* 
TABLE 5 
ION EXCHANGE CAPACITIES OF BISHUIH TINGSTATE WITH SOME 
DNI AND DIVALENT METAL IONS 
Metal 
U* 
Na* 
K* 
Mg2* 
Ca2+ 
Sr2* 
Ba2* 
1 •• -
Salt solution 
Lithium chloride 
Sodium nitrate 
potassium nitrate 
Magnesium nitrate 
Calcium nitrate 
Stontlum nitrate 
Barium nitrate 
— 1 — r • 
Concentra-
tion 
2.0M 
2.0M 
2.0M 
l.OM 
l.OM 
l.OM 
l.OM 
pH 
5.8 
6.0 
6.0 
6.6 
6.7 
6.7 
5.9 
.,..,, 
Ion exchange 
capacity 
meq/g 
0.40 
0.50 
0.42 
0.30 
0.35 
0.%5 
0.32 
cc 
( i i ) Gravimetric Ion exchange capacity; Bie results of the ion 
exchange capacity determined hy the gravimetric procedure are 
summarized in !Itohle 4 . 
TABLE 4 
ION EXCHANGE CAPACITY BY GRAVIMETRIC PROCEDURE OF SOME DIVALENT CATION 
ON BISMUTH TUNGSTATE (SAMPLE 7) 
t 
Replacing 
metal ion 
Mg-* 
++ 
Ba*-^  
Ca** 
Cd** 
1 
Gg dry 
gm 
0.9358 
0.9644 
0.9762 
0.9868 
0.9560 
1 •• 
Ctj, dry 
gm 
0.9300 
0.9440 
0.9560 
0.9668 
0.9325 
"•"• T • ' ' 
Calculated 
ion-exchange 
capacity meq/g 
0.57 
0.62 
0.42 
0.50 
0.46 
GQ and G^ for all cations was same, i.e. 1.0000 gm and 
E. » 1.00 gm was also same. 
Hie gravimetric ion exchange capacity was calculated hy 
the relation 
Q (meq/gm dry weight) - ^ ^ ( -il 1000 / ^±'^2 ^^ 
Eg-E^ \ Gg.G^ dry - 1 
where 
Q • Ion exchange capacity of exchanger. 
n 
B Equivalent weight of replacing counterion B. 
E. a Equivalent weight of counterion A* 
G^ a Weight of exchanger taken in column second. 
Go » Weight of exchanger taken in column first. 
G^ dry » Weight of dried sample (H ) of second column. 
Gg dry o Weight of dried sample (Metal form) of first column. 
Chemical analysis 
In qualitative analysis of bismuth tungstate the positive 
results were obtained for the presence of bismuth and tungsten. 
A yellow colour was observed for the presence of bismuth on spot 
test plate with thiourea and a blue colour was appeared with 
stannous chloride for the test of tungsten. 
fhe results of quantitative analysis are given in table 2. 
Hxe ratios of Bi:W was also calculated for all 7 samples. 
Chemical stability 
Hie oh^aical stability of 7 samples of bismuth tungstate 
was determined in some aqueous solutions and some solvents: 
demineralized water, i.OH sodium nitrate 4.0M nitric acid, i.OM 
ammonium nitrate, 4»0M hydrochloric acid; 4,0 sulphuric acid, 
methanol, i.OM soditm hydroxide, 2.0M oxalic acid and 4«(M acetic 
acid glacial. The results are summarized in Table 5. 
pH titration 
Ihe pH titration (Forward) curves with added salts are given 
in Flg.l and the back ward pH titration results are plotted In Fig«2. 
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Heat treatment 
Sample 7 was dried at d i f f eren t temperatures in a muffle 
furnace for 2 hours , llie ion exchange capacity of the dried product 
was determined, Ibe capac i t i e s are 0 .32 , 0 .42 , 0.35» 0 .30 , 0 . 1 8 , 
0 .10 and 0.04 meq. per gram for the products dried a t 40, 100, 200, 
0 
300, 400, 500 and 600 C r e s p e c t i v e l y . The r e s u l t s are p lo t ted 
o 
in Pig,3. At the temperatures higher than 300 C the colour of the 
exchanger beads turns yellow to greenish. 
Structural studies 
To interpret the possible structure of the ion exchanger 
various studies were performed* 
(i) I.R. spectroscopy; This study was made with NaCl disc and 
nujol mull. Hhe spectrum is given in Fig.4. 
(ii) Ihermogravimetric analysis! To determine the weight loss of 
the bismuth tungstate as a function of temperature the T.G.A. studies 
9 
were made at a heating rate 10 C per minute, 0,405 g sample was taken 
Initially for the experiment, Ibe results are given in Fig,5. 
Distribution studies 
Distribution coefficients of 30 metal ions were determined 
in demineralized water, O.IM sodium nitrate, O.IM ammonium nitrate 
and the dilute nitric acid solutions of pH 1, 2, 3 and 4, The 
Xd values for metal ions (those titrated with EDTA) were calculated 
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i:'j 
using the following expression: 
T-F "iO -1 
Ed a =-^ X *ii-- ml gm p 0 5 ^ 
where I i s the volume of 0.002M EDTA consumed by the metal ion 
hefore equil ihrium, F i s the volume of 0.002M EDTA consumed a f t er 
equl l ihr lom. Ifae t o t a l volume of s o l u t i o n was 50 ml and the amount 
of exchanger taken was 0 . 5 gm* Ihe Ed values were ca l cu la t ed for 
the ca t ions determined by the spectrophotometry by taking I as the 
amount of cat ions present in so lut ion before equilibrium and F the 
amount of cat ions found spectrophotometrical ly i n the s o l u t i o n 
a f t e r equi l ibrium. !Ibe r e s u l t s of Ed values of d i f f erent ca t ions 
are g iven in Table 6 . 
Separations 
Depending upon the large d i f ference in WL values the 
2+ 
separations of metal ions were achieved. The separation of Fb 
from Hg^*, Ca^*, Zn^*, Cu^*, Ni^*, Hg^*, Mn^* and Cu^* from Ag* 
were achieved. Mg^*, Ca^*, Zn^*, Cu^*, Ni^*, Hg^*, Mn^* were 
eluted with 0.2M-0.5M ammoniom nitrate and Ag*** and Pb with 
l.OM HNO. and O.IM ammonium nitrate solution respectively. Hie 
results are given in Table 7* Tbe order and the eluents are 
presented in Fig.6. 
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TABLE 7 
QUANTITATIVE SEPARATIONS OF METAL IONS ON BISMUTH TUNG STATE COLUMNS 
1 1 
Si. Separations Eluate 
No. achieved 
T T T 
Eluate Amount Amount ^ Error 
volume loaded found 
m l jog jug 
1 . Mg 
Pb 
2+ 
2-(-
0.05M NH^NOj 50 119 .62 1 1 9 . 6 2 0 , 0 0 
l.OM NHj^ NO^ 
O.IM HNO, 70 820 .47 8 3 7 . 0 5 + 2 . 0 2 
2 . Ca 2+ 
PT) 2+ 
0.05M NHj^ NOj 50 195 .59 1 9 5 . 5 9 
l.OM NHj^ NO-
0.00 
O.IM HNO. 70 8 2 0 . 4 7 8 3 7 . 0 5 +2 .02 
3 . Zn 2+ 
Pb 2+ 
O.IM NH^NOj 
l.OM NH^NOj 
40 224 .48 245 .79 + 0 . 5 3 
O.IM HNO. 70 820 .47 8 3 2 . 9 0 +1 .51 
4 . Cu 
2+ 
Pb 2+ 
0.2M NH^NOj 
1.OM NH^NO-
40 2 7 1 . 9 5 2 6 9 . 4 1 - 0 . 9 3 
O.IM HNO, 70 8 2 0 . 4 7 8 3 7 . 0 5 + 2 . 0 2 
TABLE 7 (Contd.) 
r-l r-
1 1 
S I . Separations Eluate 
No. achieved 
T 1 1 1 
Eluate Amount Amount % Error 
volume loaded found 
ml jug ^ 
5. „,2+ „ ^ »„ „« Ni 0.2M NH^NO-
2* Pb* l.OM NH^NOj 
40 223.10 220.75 - 1 . 0 5 
O.IH HNO, 70 820.47 845.33 +3.07 
6. Hg 
Pb 
2+ 
2+ 
0.2M NH^NO-
l.OM NH^NOj 
60 706.08 698.05 - 1 . 1 3 
O.IM HNO^  70 820.47 815.33 +3.07 
7 . Mn 2* 
Pto 2+ 
0.2M NHj^ NOj 
l.OM NH^NOj 
+ 
40 223.06 224.16 +0.48 
O.IM HNO, 70 820.47 832.90 +1.51 
8 . Ctt 2* 0.2M NH^NO- 40 271.95 270.55 - 0 . 4 8 
Ag l.OM NH^NO. 
O.IM HNO. 70 100.00 99 .00 - 1 . 0 0 
Q.2MNHt,N03 X IOM NH4NOJ * OlMHNOj 
K ^<—>« > 
1.20 
0^0 -
0X0-
0 
7 
o 
s 
Q 
1.20 
0.2MNH^N0j 
0.80' 
0.<0 
lOMNH^NOyO.WNOj 
0.2MNH^NOj ^ LOMNH^NOj-fO.tMHNOj 
O'^O -
40 60 60 100 120 .^^ ^ ^ 
Eluate volume (ml ) ^^t 
Fig. 6 (a } Separation of Mn^'^f Cu ^ *, Hg^ * from Pb^"^ " 
on bismuth tungstate (H *) columns 
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Fig. 6 (b } Separation of Ni^'*and M g^* from Pb 
on bismuth tungstate (H*form ) columns 
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Fig. 6(c) Separation of zn^*, Co ^"^ From Pb c 
Cu^'*' from Ag'*' on Bismuth tungstafe (H*) 
columns 
( i 
Blectron exchange 
The electron exchange hehavioar of bismuth tungstate 
saoiple 7 was studied vith some reducing agents e.g. Iron(ll), 
Tin(ll) and thioglycolic acid. !Ihe colour change of exchanger 
heads was noted and test for oxidized species was perfozued 
qualitatively. The results are summarized in Table 8. 
TABLE 8 
BLECTRON EXCHANGE BEHAVIOUR OP BISMUTH TUNGSTATE (SAMPLE 7) 
I 1 -T 1 
solution Colour of Test for Half reaction for 
passed exchanger oxidized oxidation 
after species 
passing 
solution 
SI. Initial 
No. colour of 
exchanger 
1. Light yellow Fe Greenish Positive Pe —^ Pe-^ * + e' 
black for Pe 3+ 
2. Light yellow Sn 2+ Bluish 
black 
positive Sn 
for Sn * 
24 Sn 4 2e 
i ^ "« /»7 ^  r> , , 
''5^ 
v%,_^2VT? / 
• i . j 
^"•'^ JNiv/c.-*?'*'* 
DISCUSSION 
Out of the various samples prepared (Table 2) the refluzed 
product was found to be more stable than other samples. Therefore, 
major studies were made on refluxed product i . e . sample 7* 
Hie results of composition of various samples synthesized 
(Table 2) show that the ratio of BljV at various pH i s different. 
These results reveal that raising the pH of the solution bismuth sa l t 
may release some amount of bismuth to precipitate Bi(OH), but at 
lower pE values the hydrolysis i s l e ss probable. The ef fect of 
temperature used for the preparation of bismuth tungstate on i t s 
con^osition may be discussed with the ratio of Bi:¥ obtained for 
samples 4, 5» 6 and 7 prepared at the same pH but at different 
temperatures (Table 2 ) . The results obtained indicate the ratio of 
0 Q 
Bi:¥ nearly 1:2 when the temperature i s varied from 25 C to 100 c. 
19iis shows that the compound formed at these temperatures has got 
the same coHtposition. However, a s l ight loss in the ion exchange 
capacity for the products prepared at higher temperatures may be 
caused due to a s l ight loss in water molecules of bismuth tungstate. 
Ihe ion exchange capacity of bismuth tungstate i s different 
for various cations idien volume of effluent co l lected i s 400 ml. 
The results (Table 3) indicate that sodium ions show a higher 
ion exchange capacity than other alkali metal ions . It shows no 
definite relation but i t i s due to the greater s e l ec t iv i ty for 
sodium ions of the exchanger. As the ion exchange capacity i s the 
nufliber of fixed lonie g r o ^ s per gm of ion exchanger I . e . eqnal to 
number of counter ions per gram, a difference in the dry weight of 
f O 
the ion exchanger in two different ionic forms of equivalent weights 
E. and IL may he used to calculate the gravimetric ion exchange 
capacity. 
If we donate x « number of equivalents of counter ions of 
the exchanger, M « weight of the dry ion exchanger matrix without 
counter ions, ¥ . , IC s weight of dry ion exchanger when loaded with 
counter ions A and B respectively, the ion exchange capacity Q of 
the sample in A form defined as 
Q (meq/g dry weight) « X . l o V v ( 1 ) 
V and TiL are given as 
V^ tt M + X.B^ a ^"^^A'^ '^ A ^ ^^~^ ^ ^ ^ 
Vg e M + X.Eg « M + Q^'W^BB ^ ^°~^ ( 5 ) 
stibtraction of equation (3) from equation (2) finally yields the 
ion exchange capacity as 
Q^ (meq/g dry weight) « ( ^ ^ ) ^ ^ ^ * ^  
T " A 
Q^  (-eq/g dry weight) « 1220 / JJ.J ^ ) . . . ( 5 ) 
V ^ A 2^-^ 1 ^"^ ' 
For reasons of comparison, the ion exchange oapaolty is 
usually given in meq/g dry ion exchanger in the H'*' form for a cation 
a 
exchanger. If equation (4) is applied to a cation exchanger and 
the ion A is not already the H*'' ion, the ion exchange capacity Q. 
A 
can be converted to that of the H form as follows: 
Q 
Op (weq/g dry weight) « r 
^ i-Q^ (E^-i.OOS) . X iO^ 
Ihe results of gravimetric capacity for divalent ions 
(Table h) are higher as ccntpared to that of ion exchange capacity 
determined by volumetric operation (Table 3). Ibis is probably due 
to some adsorption of metal ions on the surface of the exchanger 
along with the exchange. Using gravimetric procedure stm of the 
ion exchange capacity and the adsorption is determined while in 
the volumetric operation only ion exchange capacity which is obtained 
by the replacement of hydrogen ions by other counter ions is 
determined. For this reason the ion exchange capacity obtained 
by volumetric operation is less than the ion exchange capacity 
determined by gravimetric procedure. Ibe gravimetric capacity 
2+ 2+ 
higher for Zn shows a greater adsorption of Zn ions on the 
surface of the exchanger. 
fhe results of chemical stability (Table 4) indicate that 
all the samples of bismuth tungstate are stable in demineralized 
water, sodium nitrate and ammonium nitrate solutions. Nitric acid, 
hydrochloric acid and sulphuric acid dissolve bismuth to a certain 
extent but this dissolution of bismuth is smaller in samples 
prepared at higher teoperatures. The results show that sodioi 
hydroxide affects the exchanger and dissolves tungsten opto a limit. 
8 
Hht exchanger i s very unstable towards o x a l i c acid and a c e t i c a c i d . 
Ihe resu l t s further indicate that the saiaple prepared a t pH 5 i s 
very unstable in a l l the so lvent s while the refluxed sanple i s very 
s t a b l e among a l l the samples. 
Ihe potentlometrlc t i t r a t i o n s tud ies show that the bismuth 
tungstate in hydrogen form behaves as a b i f u n c t i o n a l weak a c i d . 
ISxe r e su l t s p l o t t e d in Fig*l show that the f i r s t d i s s o c i a t i o n occurs 
in ac id ic medium idi i le the second d i s s o c i a t i o n i s obtained in b a s i c 
medium at pH higher than 8 . However, using amBOniom hydroxide as a 
t i t r a n t the second d i s s o c i a t i o n step does not appear because 
ammonium hydroxide i s a weak base and the second d i s s o c i a t i o n step 
i s not ccttiplete. !ftie backward pH t i t r a t i o n r e s u l t s (Pig .2) i n d i c a t e 
only a s ing le s tep react ion of replacement of sodium by hydrogen 
due to lower i n i t i a l pH. !Ihe second d i s s o c i a t i o n takes place a t 
about pH 8 and the pH in back ward t i t r a t i o n i s not greater than 6, 
therefore , the second d i s s o c i a t i o n step cannot be recorded* 
Ihe r e s u l t s of heating e f f e c t on ion exchange behaviour of 
bismuth tungstate (Fig .3) show that the ion exchange capacity 
decreases as the drying temperature of the product i s increased . 
0 
Uie changing yellow colour to greenish after 300 C drying temperature 
is recorded. Both the reasons may have a cause the loss of water 
and a structural change of the exchanger at higher temperatures. 
There are three peaks in the IR spectrun of bismuth tungstate 
(saaqple 7) in H*** form (Fig«4)» Ihe first peak appears at about 
3000 cm , the second occurs between 1600 and 1630 cm (maximuB at 
{ • 
( .^ 
1620 cm" ) , the third weak band appears at 1150 cm *) and the 
fourth i s a shoulder which occurs between 700 and 800 cm" , Probably, 
the f i r s t peak i s due to the i n t e r s t i t i a l water and hydroxyl groups, 
the second corresponds to i n t e r e s t i t i a l water only, the third nay be 
due to Bi-0 linkage and the fourth as a shoulder i s due to the 
tungsten-oxygen bonds . 
!Chermogravimetrio studies (Fig«5) reveal that bismuth 
o 
tungstate (sample 7) i s very stable upto 60 C when heated in 
uncontrolled atmosphere* A very small loss in weight i s recorded 
o o 
upto 100 C* At the temperature higher than 100 C a continuous 
o 
loss in weight is recorded upto nearly 600 C« No appreciable loss 
was recorded after 60O C. The loss in weight upto 300 C is mainly 
due to the loss of interstitial water attached with l^ e lattice of 
o 
bismuth tungstate. After 300 C probably some condensation of 
hydrozyl group (responsible for H ion exchange) takes place* After 
600 C the weight loss is constant and it seems that the material 
is changed into oxides of bismuth and tungsten. Hiese result* are 
in agreement with the variation of capacity with tcmtperature (Pig«3). 
!Ibe analytical importance of bismuth tungstate can be 
deduced from the results of Kd values (Table 6)« Kd values of metal 
ions in nitric acid solutions are very interesting. At higher pH 
the Kd values are higher because less the H*** ions more is the uptake 
of cation by the exchanger. The results also indicate that bismuth 
2+ 
tungstate shows a very high selectivity towards Fb ions over other 
2+ 
cations. The uptake of Fb is so much strong that it can be 
separated frcm a large number of cations. Ibe analytical potential 
of the exchanger can be Judged by the difference in Ed values. On 
the basis of separation factor some quantitative separations were 
achieved. The separations of Pb^* from Mg^*, Ca^*, Mn^*, Hg^*, Cu^*, 
Ni^*, Zn^* and Cu^* from Ag**" were achieved (Fig.6). Ihis gives an 
application of this material towards an important field as the 
separation of Pb from Zn and Ag* gives an important contribution 
in the extraction procedure* where the removal of Fb is required. 
Lead is a cumulative poison and continuous uptake of even a minute 
quantity may produce a hazardous result in the end. Lead has 
detrimental effect on crops and sometimes the root crops absorb 
so much lead that the cattle feeding on them suffer seriously. 
Furthermore, lead acts as a poison towards many catalysts. Ilierefore, 
uptake of lead from a reaction mixture or other mixtures is of very 
much importance. Ysing bismuth tungstate such separations are 
quantitatively achieved. The results of table 7 reveal that the 
separations achieved are quantitative within the experimental error 
range (-1.13 to •I-2.02). 
Ihe results of table 8 explore the possibility of electron 
exchange property of bismuth tungstate. The colour change from 
2+ yellow to greenish black on passing Fe is due to the uptake of 
2+ 
electrons by bismuth tungstate from Fe ions. 3Sie positive test 
for Fe In the effluent confirms that the Fe changes to Fe'^'*" 
with a loss of an electron. Bismuth tungstate changes its colour 
2+ from yellow to bluish black on passing sn solution as well. It 
2+ indicates on th^i electron exchange reaction converting Sn Into 
8 : 
SQ which is confirmed by the spot test, Ibe colour change is 
probably due to change of V(VI) into lower valence state, fhe 
used bed of exchanger may be regenerated by HnOg solution to get 
its original form. Howeyer, a quantitative study is needed for 
the perfect utilization of the electron exchange reactions of 
this exchanger. 
h[j 
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C H A P T E R - III 
SYNTHESIS AND ION-EXCHANGE PROPERTIES OF TANTALUM SELENITE 
C H A P T E R - I I I 
SWTHESIS AND ION-EXCHANGE PROPERTIES OF TANTALUM SELENITE 
Out of v a r i o u s i no rgan i c ion-exchangers s tud ied r e c e n t l y , 
the tanta lum based ion-exchangers have r e c e i v e d scan t a t t e n t i o n , 
i S tud ies on tanta lum pentoxide have heen r e p o r t e d by Abe and I t o 
2 1 
and Chidley e t a l . S tudies on tantal ian jdiosphate , tantalimi 
"5 h 5 
phosphate t tantalum ant lmonate and tan ta lum a r s e n a t e have a l s o 
been r e p o r t e d , A search of l i t e r a t u r e showed t h a t no such s t u d i e s 
have been r e p o r t e d on tgpitalum s e l e n i t e . Fur thermore , only few 
s t u d i e s have been r epor t ed on s e l e n i t e s . Hie s y n t h e s i s and 
ion-exchange a n a l y t i c a l a p p l i c a t i o n s of s t a n n i c s e l e n i t e and 
7 8 
t i t an ium s e l e n i t e and zirconium s e l e n i t e have been made. Therefore , 
the s t u d i e s on t a n t a l i m s e l e n i t e were t a k e n . The a n a l y t i c a l 
importance of t h i s exchanger has been explored i n t h e f i e l d of 
ion-exchange chromatography by ach iev ing the s e l e c t i v e s e p a r a t i o n 
of i r o n ( n i ) from a number of common i n t e r f e r i n g meta l ions on the 
column of tantalum s e l e n i t e . The s e p a r a t i o n can be app l i ed t o the 
de t e rmina t ion of Pe-^ content a s impur i ty i n n i c k e l e l e c t r o p l a t i n g 
s o l u t i o n s . 
EXPERIMENTAL 
Apparatus 
A temperature controlled SICO shaker, Bausch and Lomb 
spectronic 20 and 'EUCO* pH meter model Li-10 were used lor 
shaking spectrophotometric and pH measurements respectively. 
For IR studies *Spectromom 2000 (Budapest)* infrared spectrophotometer 
was used. 
Reagents and solutions 
Tantalum pentoxide (Fluka) and sodium selenite (BDH) were 
used. A O.IM tantalum pentoxide solution was prepared hy taking 
21.10 g of TagO- and heating with 100 ml of concentrated sulphuric 
acid containing 200 g of ammonium sulphate and diluting the clear 
solution so obtained to 500 ml with water. A O.lM sodium selenite 
solution was prepared by dissolving the required amount of salt in 
2M sulphuric acid solution. The solutions of various cations, used 
for Ed values determination and separation studies, were prepared 
by taking 200-400 rag nitrates or chlorides of the respective metal 
ions in 100 ml of the aqueous solutions. The EDTA solution (0.002M) 
was prepared in demineralized water by the recommended procedure. 
Synthesis procedure 
Four samples of tantalum selenite were prepared by mixing 
O.IM tantalum pentoxide and O.IM sodium selenite in the volume ratio 
of 1:1. Sodium selenite solution was added to tantalum pentoxide 
8 o 
solution and desired concentration of sulphuric acid was adjusted 
by neutralyzing with a base. The sample 3 was prepared hy refluxing 
0 
the mother liquor of sample 1 for 2k hours at 100 C. Ihe precipitate 
was dried in a temperature controlled oven at 40 C. The dried 
product hroke into small granules when immersed in water. The 
granules were then placed in 2.0M nitric acid for 24 hours with 
occasionally shaking and intermittent changing of HNO_ to convert 
them into hydrogen form. The excess of nitric acid was washed out 
with deionized water and the material was dried at 40 C« Ihe dried 
product was used for the ion-exchange studies. Bie conditions of 
preparation of tantalum selenite are summarized in Tahle 9* 
TABLE 9 
CONDITIONS OF SYNTHESIS AND PROPERTIES OP TANTALUM SELENITE 
Sample 
No. 
1 
2 
3 
4 
* — 
Condi t ions 
t 
Cone .of Temp e r a t u r e 
HgSO^ a t a t which 
which exchanger 
exchanger Prepared 
prepared 
4,5M 25*0 
4.5M 60**C 
4.5M Refluxed a t 
loo'c 
O.IOM 25 ' c 
1 
Appearance 
of 
exchang e r 
i n H* form 
U g h t red 
Light g rey 
Light g rey 
Light red 
P r o p e r t i e s 
t t 
Ion-exchange 
c a p a c i t y 
meq/g 
1.18 
0 .96 
0 .50 
0 .89 
Composition 
TarSe 
1:1.50 
1:1 .45 
1:1.38 
1:1.15 
8.. 
RESUl/rS 
Ion-exchange capaci ty 
Bie ion-exchange capacity of exchange mater ia l was determined 
with three d i f fe ren t procedures v i z . (a) column procedure, (h) 
gravimetric procedure, and (c) equilihrium procedure. 
Column procedure ion-exchange capaci ty 
The ion exchange capacity of a l l four samples of tantalum 
se len i t e was measured by taking 1 g of exchanger in hydrogen form 
i n a colimin with a g lass wool support . Bie deionized water was 
passed through the column and the excess of hydrogen ions , i f any, 
was washed out . The sa l t solut ion (l.OM) was passed through t h i s 
column. Bie r a t e of e lut ion was fixed 5-8 drops per minute. The 
effluent was co l lec ted and t i t r a t e d with standard sodium hydroxide 
for the estimation of hydrogen ions e luted by the sa l t solut ion in 
the form of ac id . IBie r e s u l t s of ion-exchange capacity for sodium 
ions of d i f fe ren t samples prepared at various conditions are 
presented in Table 9 . 
To determine the ion-exchange capaci ty for d i f ferent metal 
ions, the following uni and divalent metal ion solut ions were passed 
through tantalum se leni te column (sample 1 ) , 2M sodium n i t r a t e , 
2M potassium n i t r a t e , 2M lithium chlor ide , IM magnesium n i t r a t e , 
IM Calcium n i t r a t e , IM strontium n i t r a t e and IM barium c h l o r i d e . 
The r e s u l t s are summarized in Table 10. 
L: 
TABLE 10 
ION-EXCHANGE CAPACITY OF TANTALUM SELENITE 
WITH SOME TJNI AND DIVALENT METAL IONS 
[ i f 1 
Cone* of pH of the Hydrated ion-exchange 
the s o l u t i o n r a d i i c a p a c i t y 
s o l u t i o n meq/g 
Meta l 
i o n 
Sa l t used 
Id.' 
Na^  
Mg 
Ca 
Sr 
Ba 
24 
24-
2+ 
2+ 
Lithium c h l o r i d e 
Sodium n i t r a t e 
potass ium c h l o r i d e 
Magnesium n i t r a t e 
Calcium n i t r a t e 
Stront ium n i t r a t e 
Barium ch lo r ide 
2,0M 
2.0M 
2.0M 
l.OM 
l.OM 
l.OM 
l.OM 
5.8 
6 . 1 
6 .0 
6.7 
6 .6 
6 .8 
6 .9 
3,^0 
2.76 
2.32 
7.00 
6.30 
-
5.90 
1.12 
1.19 
1.45 
1.10 
1.05 
1.12 
1.30 
Grav imet r ic prpcedui^ ion-exchange c a p a c i t y 
Ihe g r a v i m e t r i c c a p a c i t y of tantalum s e l e n i t e (sample 1) 
was determined following the procedure a s app l i ed for bismuth 
t u n g s t a t e descr ibed in c h a p t e r I I . The i n s u l t s of g r a v i m e t r i c 
procedure ion-exchange c a p a c i t y fo r Ba , Mg , Ca and Sr a re 
p re sen ted i n Table 1 1 . 
TABLE 11 
ION-EXCHANGE CAPACITY BY GRAVIMETRIC PROCEDURE FOR 
AUCALINE EARTH METAL IONS ON TANTALUM SELENITE 
Exchanged 
metal Ion 
Mg 
o 2+ Sr 
Oa^* 
Ba^* 
i I 
Ionic r a d i i 
0.69 
1.07 
0.97 
1.21 
G^ dry 
gm 
0.9^12 
0.9568 
0.9^8^ 
0.9326 
1 
Ggdry 
gm 
0.9528 
0.9886 
0.9696 
0.97^8 
1 
Calculated lEC 
meq/gm 
1.12 
1.22 
1.18 
1.53 
G„ and G. for a l l cat ions were same i . e . 1.0000 gm and 
E. = 1.00 gm was a lso same. The ca lcu la t ions were made following 
the equation 5 given in chapter I I . 
Equilibrium procedure ion-exchange capaci ty 
•Bie ion-exchange equilibrium capacity of tantalum se len i t e 
(sample 1) was determined by the following procedure: A 1.00 g of 
tantalum se len i te was taken in a conical f lask and to t h i s 100 ml 
of the respective sa l t solution (l.OM) was added. The various conical 
f l asks , arranged in t h i s way, were shaken for 12 hours in shaker a t 
room temperature. A portion of the supernatant so lu t ion was t i t r a t e d 
with standard sodium hydroxide and the amount of a lka l ine earth 
r • 
metal Ions exchanged was also determined by titrating another 
portion of the solution with standard EDTA. The results of 
eqid..libri«m ion-exchange capacity for some uni and divalent cations 
are given in Table 12. 
TABLE 12 
EQUILIBRIUM I0N-EXC5HANGE CAPACITY OF SOME MONO AND 
DIVALENT CATIONS ON TANTALUM SELBNITE 
Meta l ion 
exchanged 
S a l t s o l u t i o n used Shaking t ime Equi l ib r ium 
ion-exchange 
c a p a c i t y 
meq/g 
Li 
Na 
r 
Mg 
Ca 
2+ 
2-I-
Sr 2+ 
Ba 2+ 
Lithium chloride 
Sodium nitrate 
Potassium chloride 
Magnesium nitrate 
Calcium nitrate 
Strontium nitrate 
Barium chloride 
12 hours 
12 hours 
12 hours 
12 hours 
12 hours 
12 hours 
12 hours 
0.68 
0.7* 
1.05 
0.72 
0.78 
0.80 
0.90 
Elution and concentration curves 
For e lut ion curves O.IM and IM potassium n i t r a t e solut ions 
were used as e l uen t s . The ef f luent was col lec ted in 10 ml f rac t ions . 
The hydrogen ions released from the exchanger in the form of acid 
were estimated by standard sodium hydroxide. The elution curves 
of tantalum selenite in hydrogen form for O.iM and l.OM potassium 
nitrate are plotted in Pig,7. 
To determine the suitable concentration for the measurement 
of ion-exchange capacity 0.1, 0.5, 1.0, 2.0, 3.0 and ^ .OM solution 
of potassium nitrate were used as eluent and volume collected was 
300 ml. THie capacity was determined titrating collected effluent 
with standard sodium hydroxide. The results of the effect of 
concentration of eluent on ion-exchange capacity of the exchanger 
are given in Fig.8. 
Chemical analysis 
All the four samples of tantalum selenite were chemically 
analysed qualitatively as well as quantitatively. 
(i) Qualitative analysis; A small amount of each sample was fused 
with 2.0 g of potassium bisulphate and cold melt was dissolved in 
ammonium oxalate and a few ml of water with gentle heating and 
transferred to a standard flask. 3-4 drops of solution were taken 
on spot test plate. To this was added 2-3 drops of concentrated 
hydrochloric acid and 2-3 drops of saturated EDTA solution with 
Q 
one drop of 0.1% solution of catechol violet • A blue-violet 
colour appears which confirms the presence of tantalum. Another 
3-4 drops of sample solution were taken on spot test plate. To 
this 1-2 drops of 2N HCl was added followed by 1% solution of 
10 diphenylhydrazine in glacial acetic acid . The red violet colour 
confirms the presence of selenium. 
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(ii) Quantitative analysis; To perform quantitative analysis a 
200 mg portion of each sample in well powdered form was fused with 
2»0 g of potassium bisulphate in a covered silica crucible and the 
cold melt was dissolved with 5 g of ammonium oxalate and kO ml of 
water in the crucible with slight heating. The solution was 
transferred to a 50 ml standard flask, cool and diluted iq)to the 
mark by deionized water. The selenium present in the solution was 
11 precipitated as a red selenium metal using sulphur dioxide. The 
0 
selenium metal precipitate was heated at 105 C to a constant weight 
12 
and weighed as selenium. The tantalum was estimated by pyrogallol , 
In this procedure 5 ml of filtrate was taken in 100 ml flask and 
made upto the mark with deionized water. From this solution a 
small amount was taken and treated with 20?^  pyrogallol. The 
estimation of tantalum was done by a calibration graph. The results 
of quantitative analysis for all the four samples are presented 
in Table 9. 
Chemical stability 
"Hie chemical stability of all the four samples of tantalum 
selenite was determined by taking the 0.5 g of exchanger in hydrogen 
o 
form and shaken with 50 ml of solvent for six hours at 25 C. The 
undissolved portion of tantalum selenite was filtered off. In the 
12 filtrate tantalum was determined by pyrogallol method , In this 
method a 10 ml portion of filtrate was taken in 25 ml standard flask 
followed by k ml of 10% potassiumbisulphate and 0.8 g of ammonium 
oxalate and 10 ml of water and then shaken for some time. To this 
2 ml of 20% solution of pjrrogallol in 3% sulphuric acid (V/V) was 
87 
added, nie absorbance was measured at 400 nm against reagent blank 
prepared under similar conditions. The selenium estimation was 
made spectrophotometrically by 3'3' diaminobenzedine method . A 
20 ml of filtrate solution was taken in a 100 ml beaker and pH 
was adjusted to 2-3 by formic acid followed by 2 ml of 0.55^  
3*3 diaminobenzedine solution. After one hour the pH was adjusted 
to 6-7 by ammonium hydroxide solution and colour formed was extracted 
by 10 ml of toluene and shaken vigorously for 30 seconds. The 
absorbance was measured at 420 nm against a reagent blank prepared 
under the same conditions. The results of dissolution of tantalum 
selenite (all the four samples) in some aqueous solutions and 
solventsrdemineralized water 2.0M sodium nitrate, 2.0M nitric acid, 
2.0M sulphuric acid, 2.0M hydrochloric acid, ethyl alcohol 2.0M 
acetic acid, 2.0M ammonium hydroxide, l.OM sodium hydroxide and 
l.OM oxalic acid are presented in Table 13. 
Recyclization 
Tbe change in ion-exchange capacity in the course of 
regeneration cycle was studied upto five cycles, with 2M nitric acid 
as regenerant and l.OM sodium nitrate as eluent. The ion-exchange 
capacities for Na (l.OM) were found to be 1.18, 1.16, 1.15, 1.13, 
1.11 after I, II, ill, IV and V cycles respectively. The results 
are plotted in Fig.9. 
Oi 
Ch 
Number of cycles 
Fig. 9 Plot of ionexc h ange capac ity agotnst 
number of regeneration cycles 
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TABLE 13 
DISSOLUTION OF TANTALUM SELENITE 
q q 
Solvents/ 
solutions 
Solubi l i ty mg/50 ml 
— - T — I i 
Sample 1 Sample 2 San^le 3 Sample k 
1 1 — T" 
Ta Se Ta Se Ta Se 
• TT 
Ta Se 
Demlneral ized water 
2M Sodium n i t r a t e 
2M N i t r i c a c i d 
2M Hydrochlor ic a c i d 
2M Sulphuric a c i d 
Ethyl a l c o h o l 
2M A c e t i c a c i d 
2M Ammonium hydrox ide 
2M Sodium hydrox ide 
2M Oxal i c a c i d 
0 , 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 6 7 
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 5 6 
0 . 0 0 0 . 0 1 0 . 0 0 0 . 1 2 0 . 0 0 0 . 2 0 0 . 0 0 0 . 8 4 
0 . 0 0 0 . 0 2 0 . 0 0 0 . 4 8 0 . 0 0 0 . 0 6 0 . 0 0 0 . 6 7 
0 . 0 0 0 . 2 1 0 . 0 0 0 . 0 5 0 , 0 0 0 . 4 9 2 . 4 3 0 . 6 5 
0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 , 0 0 0 . 8 1 0 . 0 7 
0 . 0 0 0 . 0 1 0 . 0 0 0 . 1 3 0 . 0 0 0 . 0 0 0 . 0 0 0 . 6 8 
0 . 0 0 0 . 1 3 1 .23 0 , 8 4 0 , 0 0 0 . 6 4 2 . 7 8 0 . 7 3 
3 .24 0 . 6 8 6 . 2 5 0 , 6 7 6 , 7 5 0 . 7 3 9 . 7 2 0 . 7 3 
2 , 4 3 0 . 0 2 1 .62 0 , 0 6 9 . 7 2 0 , 0 5 3 7 . 2 6 0 . 2 1 
H y d r o l y s i s 
H y d r o l y s i s of a l l the four samples of tantalum s e l e n i t e i n 
hydrogen form was s t u d i e d with 0 . 5 g of t h e exchanger f o l l o w i n g the 
V i s s e r ' s method wi th h y d r o l y s i s apparatus hav ing a g l a s s wool support 
and c o n s t a n t s t i r r i n g . The f low r a t e of e f f l u e n t was 5-7 drops per 
minute . Ibe e f f l u e n t was t i t r a t e d with s t anda rd O.OIM sodium 
hydroxide i n 10 ml f r a c t i o n s u n t i l the pH approached t o 7 . The 
r e s u l t s a r e p resen ted in Table ±k. 
TABLE 14 
HYDROLYSIS OF TANTALUM SELENITE (H* FORM) 
Volume of 
e f f l u e n t 
(ml) 
10 
20 
30 
kO 
50 
60 
70 
80 
90 
100 
— r 
P o t e n t i o m e t r i c 
Oltie pH 
Sample 1 
B l 
0 . 2 0 
0 . 1 2 
0 . 1 2 
0 . 1 2 
0 . 1 2 
0 . 1 2 
0 . 1 2 
0 . 1 2 
0 . 1 2 
0 . 1 2 
t i t r a t i o n s 
t i t r a t i o n s 
Volume of 0 
"1 
of 
Samp l e 
ml 
0 . 1 0 
0 . 1 5 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
0 . 2 0 
tantalum 
.OlM 
"•' " 1 
2 
NaOH used for 
1 " 1 
Sample 3 
ml 
0 . 1 2 
0 . 0 8 
0 . 0 8 
0 , 0 8 
0 . 0 8 
0 . 0 8 
0 . 0 8 
0 . 0 8 
0 . 0 8 
0 . 0 8 
s e l e n i t e i n hydrogen 
• 
Sample h 
ml 
0 . 1 6 
0 . 1 8 
0 . 1 8 
0 . 1 8 
0 . 1 8 
0 . 1 8 
0 . 1 8 
0 . 1 8 
0 . 1 8 
0 . 1 8 
form 
lai 
(sample 1) were performed with lithium hydroxide, sodium hydroxide, 
potassium hydroxide and ammonium hydroxide with their respective 
salts following the method of Topp and Pepper . In each case the 
concentration of alkali and its salt was taken as O.IM and total 
volume was 100 ml with addition of 50 ml water. The 0.5 g of 
tantalum selenite in hydrogen form was added in each case. The 
shaking time was kept 6 hours at room temperature. The pH of the 
solutions after shaking of h hours were noted. 
Uie backward ion-exchange potentiometric titrations were 
performed as follows: 50 ml of O.IM sodium hydroxide was taken in 
each flask containing 0.5 g of exchanger and shaken for 6 hours. 
Different volumes of O.IM nitric acid (0-50 ml) and water were added 
in such a way so as to maintain the total volume in the flasks 100 ml. 
The flasks were shaken again for k hours and the pH of the supernatent 
solution of every flask was measured with the help of a pH meter. 
The pH titration curves are presented in Fig.10 for lithium hydroxide, 
potassium hydroxide and amnonium hydroxide with their respective 
salts. The backward and forward pH titration curves for sodium 
hydroxide and sodium chloride are presented in Fig.11. 
Thermal treatment 
Tantalum selenite (sample 1) was dried at different 
temperatures in a muffle fumance for 2 hours. The ion-exchange 
capacity of samples dried at different temperatures was determined 
by column procedure. "Hiermogravimetric analysis of tantalum selenite 
e 
in hydrogen form was performed at a rate of 5 C/min. The results 
12.0 
a S.O 
4.0 
0 
• KOH*KCI 
o LiOH-f-LiCl 
A NH4OH *NH/,CI 
X ± ± ± 
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Volume of oik all added (mi J 
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of e f f e c t o f d r y i n g t e m p e r a t u r e of t a n t a l u m s e l e n i t e a r e p r e s e n t e d 
i n Tab le 15 and p l o t t e d i n F i g . 1 2 w i t h i o n - e x c h a n g e c a p a c i t i e s of 
o t h e r i n o r g a n i c i o n - e x c h a n g e r s of s e l e n i t e a n d t a n t a l u m . The 
w e i g h t l o s s of t a n t a l u m s e l e n i t e w i t h t e m p e r a t u r e h y t h e r m o g r a v l -
m e t r i c a n a l y s i s i s r e c o r d e d i n F i g . 1 3 . 
TABLE 15 
EFFECT OF TEMPERATURE ON lON-EXCtlANGE CAPACITY 
OF TANTALUM SELENITE 
o 
S I . T e m p e r a t u r e C I o n - e x c h a n g e c a p a c i t y 
No. meq/gm 
1 . 
2 . 
3 . 
k. 
5. 
6 . 
7 . 
8 . 
9 . 
IR spect rum 
The IR 
40 1.19 
100 1.01 
200 0 . 9 0 
300 0 . 7 9 
400 0 . 6 1 
500 0 . 4 2 
600 0 . 2 1 
700 0 . 1 0 
800 0 . 1 0 
s tudies of tantalimi se len i te in hydrogen form were 
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performed with nujol . The results are given in Fig.14. 
DistrilJution studies 
The distribution coefficients for 31 metal ions were carried 
15 
out by >ath process . The solution of metal ions prepared for 
separation studies were taken in conical flasks having a knoum 
amount of cation. To this 50 ml of cation solution and 0.5 g of 
exchanger in hydrogen form was added and shaken for six hours at 
room temperature. In supernatant liquid the amount of cation was 
determined after equilibrium. Most of the cations were determined 
by the EDTA titration method using eriochrome black T, xylenol 
orange and PAN indicators with different pH buffers. Few cations 
were estimated spectrophotometrlcally viz. Ag by dithiozone , 
2+ 17 18 
UO- with peroxide and platinum by stannous chloride . The 
distribution coefficients (Kd) for metal ions estimated by EDTA 
were calculated using the following expression: 
Ed = - ^ X ^ •" ^  ml gm"^ 
0.5 F 
where I i s the volume of 0.002M EDTA consumed by the metal ion 
before equilibrium F i s the EDTA volume used a f t e r equil ibrium. 
The t o t a l volume of solution was 50 ml and the amount of exchanger 
taken as 0.5 gm» The Ed values for cat ions estimated spectrophoto-
metr lca l ly were calculated by considering I and F as the amount 
cations present before and a f t e r equilibrium respec t ive ly . Bie 
r e s u l t s of Kfl va lues , determined in demlneralized water, O.IM sodium 
n i t r a t e , O.IM ammonium n i t r a t e and d i l u t e n i t r i c a c i d s o l u t i o n s of 
pH 0 , 1 , 2 , 3 and h a r e g i v e n I n Table 1 6 . 
TABLE 16 
DISTRIBUTION COEFFICIENTS OF METAL IONS ON TANTALUM SELENITE 
"i 1 i 1 
O.IM O.OIM O.OOIM O.OOOIM 
t I 
M e t a l 
I o n 
i j 1 
mw O.IM O.IM IM 
NaNO- NII^NO, HNO, HNO, HNO, HNO, HNO, 
Ca 2+ 
Ba 2+ 
Sr 2+ 
Mg 2+ 
Zn 2+ 
Mn 2+ 
Pb 2+ 
Cd 2+ 
Tb 
Ho 
Gd 
Nd 
P r 
Dy 
Sm 
La 
Ce 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
3+ 
0.0 0.0 0.0 
2210.0 1400.0 1462,0 
8.2 0.0 5.0 
l.k 1.0 7.0 
0.0 9.0 2.0 
0.0 0.0 6.0 
143.0 390.0 143.0 
0.0 0.0 0.0 
181.0 125.0 40.5 
69.0 40.0 38.0 
30.0 63.0 37.0 
57.0 120.0 70.0 
15.0 65.0 41.0 
7.0 62.0 58.0 
43.0 58.0 37.0 
40.0 57.0 506.0 
64,0 73.0 
0.0 0.0 
62.0 328.4 
2.0 2.6 
0,0 
0.0 
4.0 
11.5 
0.0 
12.4 
0.0 
8.0 
4.0 
6.0 
6.0 
30.0 
9.0 
5.7 
1.5 
52.4 
29.0 120.0 
9.0 100.0 
15.0 30.8 
3.5 57.5 
19.0 35.0 
12.0 107.0 
0,0 1.5 • 1.5 
800.0 1180.0 2150.0 
2.6 7.0 7.0 
6.5 15.9 16.5 
11.0 19.0 19,0 
24.0 27.0 27.0 
560.0 1340.0 1340.0 
12.0 12.0 18.0 
29.0 54.0 61.0 
8.5 27.0 70,0 
56.0 58.0 60.0 
126.0 133.0 140.0 
118.0 124.0 125.0 
36.0 48.0 54.5 
60.0 83.0 136.0 
110.0 200.0 200.0 
199.0 - 220.0 
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TABLE 16 (Contd.) 
Metal 
ion 
zr** 
Th** 
Y'* 
c«2* 
N l ^ * 
A l 5 * 
i n ' * 
Hg^* 
VO^* 
Pe3* 
Ag* 
B l ' * 
uof 
P t * * 
r 
DMW 
T.A. 
1 1 5 . 0 
8 0 . 0 
2 2 . 0 
2 . 4 
2 1 . 0 
2 4 . 0 
3 6 . 0 
3 0 . 0 
T.A. 
3 0 . 0 
T .A. 
6 0 . 0 
2 5 0 . 0 
* " • • • 
O.IM 
NaNO-
T.A. 
2 2 2 . 0 
9 0 . 0 
1 8 . 0 
0 . 0 
2 0 . 0 
4 2 . 0 
7 . 0 
4 9 . 0 
T .A. 
6.3 
T.A. 
1 0 0 . 0 
1 0 0 . 0 
1 
O.IM 
NHjijNO, 
T,A. 
208 .0 
7 4 . 0 
1 8 . 0 
2 . 5 
4 . 0 
5 .0 
0 . 0 
3.6 
1550 .0 
7 4 . 0 
T.A. 
1 3 . 0 
7 0 . 0 
• * • • 
IM 
UNO-
T.A. 
1 8 . 0 
8 . 0 
2 .0 
1.0 
0 . 0 
8 . 0 
0 . 0 
1 7 . 0 
2 .0 
6.3 
300 .0 
0 . 0 
56 .0 
t 
O.IM 
HNO, 
T .A. 
7 0 . 0 
1 5 . 0 
3 .0 
2 . 5 
3 .0 
2 0 . 0 
9 . 0 
1 8 . 0 
7 .5 
3 0 . 0 
9 0 0 . 0 
0 . 0 
7 9 . 0 
t 
O.OIM 
imo^ 
T.A. 
7 0 . 0 
2 0 . 0 
1 3 . 0 
2 . 5 
5 .0 
2 7 . 0 
9 . 0 
3 2 . 0 
1 1 5 . 0 
53 .0 
1150 .0 
9 . 0 
1 4 0 . 0 
O.OOIM 
HNO, 
T.A. 
2 3 2 . 0 
2 5 . 0 
1 7 . 0 
2 . 5 
6 . 0 
3 6 . 0 
2 6 . 0 
4 0 . 0 
4 5 5 . 0 
8 0 . 0 
T .A. 
6 0 . 0 
1 9 4 . 0 
t 
0.OOOIM 
HNO, 
T.A, 
270 .0 
4 0 . 0 
1 8 . 0 
5.0 
8 . 0 
36 .0 
26 .0 
4 3 . 0 
7 8 0 . 0 
1 0 0 . 0 
T.A. 
6 0 . 0 
212 .0 
IMW a Demine rail zed water 
T.A. « Total Adsorption. 
Separations 
To develop the analytical utility of the ion-exchanger, 
separation studies were performed with 2 g of tantalum selenite in 
I l l 
hydrogen form In a glass wool supported column having a height 30 cm 
and diameter 0.39 cm. The column was washed with deionized water then 
the known amount of cation solution was transferred to the column and 
kept 24 hours with 3-4 recyclization of solution. The effluent was 
collected in 10 ml fractions at a flow rate 0,5 ml per minute and in 
each fraction the determination of cation was done separately. The 
separation of Pe^* from Mn^ "^ , Cu^*, Ni^*, Al"^"**, Co^ *^ , VO^ "*", Zn^ "^  and 
2+ 2+ 2+ 2+ Ba from Mg , Sr and Ca were achieved on the basis of a large 
difference in M values. Sodium nitrate solution (0.02M-0,5M) was 
2+ 24" 24* 2+ 2-1-
used as an eluent for the elution of Mn , Cu , Co , VD , and Sr 
and Pe^* was eluted with an eluent (1,0M HNO_ + l.OM NaNO-), Zn , 
2+ 2+ 2+ 2+ 
Ca , Mg and Nl cations eluted with deionized water and Ba with 
the eluent (1,0M HNO- + 0,5M NHj^NO-). The results of separations 
achieved are presented in Table 17, The order of elution and eluents 
are presented in Pig.15. 
To investigate the industrial utility of separations In 
"5+ 2+ 
electroplating solutions, the separation of Fe from Nl was perfonned. 
2.0 g of tantalum selenite was taken in the column, to this 2 ml of 
2+ 
sample solution was added from electroplating bath. The N4 was 
eluted by deminarallzed water and Fe-"^  with the eluent (IM HNO- + 
IM NaNO-). The results of Fe-^  found as an impurity in the nickel 
electroplating bath solution are given in Table 18. 
ii:^  
TABLE 17 
QII^TITATIVE SEPARATIONS OF METAL IONS ON 
TANTALIM SELENITE COLIMNS 
T i 1 1 
Volume of Amount of Amount of Error 
effluent cation cation 
loaded found 
1 i 
S I . Separa t ion 
No, a c h i e v e d 
Eluents 
ml 
-Og -Wg 
r. 
1 . Mn 2+ 
Fe 3+ 
0.5M NaNO, 
l.OM HNO, 
50 571 .27 595 .4^ 4 . 6 7 
l.OM NaNO. 60 256 .91 272 .54 6 . 0 8 
2 . Cu 2+ 
Fe 3+ 
0.02M NaNO, 
l.OM HNO. 
60 
60 
4 6 5 . 1 1 4 7 1 . 4 6 I . 3 6 
256 .91 2 5 9 . 1 4 0 . 8 6 
l.OM NaNO. 
3. Ni 21-
Fe' 
Demineralized water 50 
l.OM HNO, 70 
493.16 487.29 -1.19 
256.91 260.26 1.30 
l.OM NaNO, 
4. Al 
Fe 
3+ 
3+ 
0.025M NaNOj 
l.OM HN0„ 
50 
80 
123.87 
256.91 
121.94 
259.14 
-1.55 
1.15 
5. Co 
Fe 
2+ 
3+ 
l.OM NaNO-
0.05M NaNO^ 
l.OM HNO. 
70 
60 
648.23 
256.91 
664.73 
260.26 
2.54 
1.30 
l.OM NaNO. 
TABLE 17 (Contd.) 
11/. 
Si. Separation Eluents 
No. achieved 
Volume of Amount of Amount of 
effluent cation cation 
loaded found 
ml >ug jag 
Error 
6. VD 2+ 
Pe 3+ 
0.05M NaKO^ 
l.OM HNO, 
+ 
l.OM NaNO-, 
60 
80 
9 2 8 . 9 2 
2 5 6 . 9 1 
9 2 8 . 9 2 
250 .20 
0 . 0 0 
- 2 . 6 1 
7. Zn 
Fe 
2+ 
3+ 
Demineralized water 50 
l.OM HNO, 
l.OM NaNO, 
60 
732.25 
256.91 
737.^8 
259.1^ 
0.71 
X • iCii 
8. Mg 
Ba 
2+ 
2+ 
9. Sr 2+ 
Ba 2+ 
10, Ca 2+ 
Ba 2+ 
Demineralized water 70 311.04 321.24 
Demineral ized wa te r 80 
l.OM HNO. 70 
3.21 
l.OM HNO 
+ ^ 
0.05M NHj^ NO, 
0.02M NaNO-
l.OM HNO3 
0.05M NH^NOj 
70 
70 
70 
1236 .00 
8 7 9 . 7 0 
1236 .00 
1 2 3 6 . 0 0 
8 9 1 . 9 7 
1210 .19 
0 . 0 0 
1 .39 
- 1 . 6 2 
521.04 524.24 0 .61 
1236.00 1208.59 2.26 
0.05M NH^NO^ 
1 1 . 
TABLE 18 
QDANTIIIATIVE SEPARATION OF Fe" '^*' FBOM 
NICKEL ELECTROPLATING BATH SOLUTION 
J — 1 i 
S I . Amount of Ni in JKmount of Fe found Amount of exchanger 
No. e l e c t r o p l a t i n g ba th as impur i ty taken 
1 . 106.92 mg/2 ml 189.85 Aig/2 ml 2 .0 gm 
2 . 107.85 JOg/2 ml 201.02 iJg/2 ml 2 .0 gm 
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DISCUSSION 
Tantalum s e l e n i t e possesses c a t i o n exchange c a p a c i t y f a i r 
s t a b i l i t y and d i f f e r e n t i a l s e l e c t i v i t y and hence can he used for 
ion-exchange s t u d i e s . 
IJie r e s u l t s of ion-osciianse c a p a c i t y and composi t ion 
(Table 9) of var ious tan ta lum s e l e n i t e samples i n d i c a t e t h a t the 
ion-exchange c a p a c i t y depends on the tempera ture of p r e p a r a t i o n and 
s u l p h u r i c ac id c o n c e n t r a t i o n i n mother l i q u o r . The ion-exchange 
c a p a c i t y of va r ious samples dec reases with r i s e i n the temperature 
of p r e p a r a t i o n . K ie re fo re , sample 1 prepared a t room temperature 
(25**C) has the h ighe r c a p a c i t y with comparison of o t h e r samples 2 
and 3 prepared a t 60 C and 100 C r e s p e c t i v e l y . Although sample k 
was prepared a t room tempera ture b u t has l e s s c a p a c i t y because of 
s u l p h u r i c ac id c o n c e n t r a t i o n in mother l i q u o r lower than fo r sample 1 . 
The ion-exchange c a p a c i t y in t h i s case dec reases due t o some h y d r o l y s i s 
of tantalum(V) oxide i n l e s s a c i d i c s o l u t i o n as may be confirmed 
by the composition r e s u l t s of the same t a b l e . P r e c i p i t a t i o n of 
t an ta lum pentoxide w i l l decrease the s e l e n i t e con ten t \ ^ i c h i s 
r e s p o n s i b l e for r e p l a c e a b l e hydrogen i o n s being a t t a c h e d with 
se len ium. Ttie tanta lum s e l e n i t e (sample 1) has h i g h e s t ion-exchange 
c a p a c i t y i n comparison with o the r samples . The re fo re , ion-exchange 
c a p a c i t i e s with o the r methods were measured on sample 1 of tanta lum 
s e l e n i t e . In order t o f ind out i t s working c a p a c i t y as an i o n -
exchanger the c a p a c i t y was determined fo r some uni and d i v a l e n t 
c a t i o n s on san^le 1 by colunn p r o c e d u r e . The r e s u l t s of Table 10 
1 (.,>-^ 
r evea l t h a t Ion-exchange c a p a c i t y depends iq)on hydra ted r a d i i . Hie 
Ion-exchange capac i t y of a l k a l i and a l k a l i n e e a r t h meta l i ons 
decreases as the hydra ted r a d i i i n c r e a s e s which i s according t o t h e 
19 
laws of s e l e c t i v i t y for ion-exchange . 
The r e s u l t s of g r a v i m e t r i c c a p a c i t y fo r a l k a l i n e e a r t h metal 
ions (Table l l ) are h i g h e r as compared t o t h a t of ion-exchange 
c a p a c i t y determined by column procedure and e q u i l i b r i u m procedure 
(Table 12) due t o the a d s o r p t i o n of meta l i o n s on the su r face of 
exchanger . In column procedure only ion-exchange c a p a c i t y which i s 
ob ta ined by replacement of H* ions by o t h e r coun te r i ons i s 
determined whi le in g r a v i m e t r i c procedure a sum of ion-exchange 
Capaci ty and adsorp t ion of me ta l ions i s de t e rmined . For t h i s 
reason the column ion-exchange capac i t y i s l e s s than g r a v i m e t r i c 
ion-exchange c a p a c i t y , 
Hie ion-exchange c a p a c i t y measured by e q u i l i b r i u m procedure 
(Table 12) i s l e s s than ion-exchange c a p a c i t y measured by column 
p rocedu re . This i s due t o the f ac t t h a t i n column ope ra t i on a f resh 
t h e o r e t i c a l p l a t e comes i n c o n t a c t with the running s o l u t i o n a t 
every s tep over the column \rtxlle in equ i l ib r ium process a r e v e r s i b l e 
exchange i s always mainta ined 
RH + M* ^ HM + H* ( 1 ) 
where RH r e p r e s e n t s the ion-exchanger i n H* form and KM, t h e 
exchanger i n meta l ion form. 
l . : : > 
Tantalum se len i te works as an monofunctional weak acid 
In H"*" form and I s weakly ionized (F ig .7 ) . Hence removal of H"*" ions 
by counter ions i s not complete i f i t s concentrations were not high 
enough. By taking equation 1, i f increasing the concentration of 
metal ion the reaction w i l l be favoured in the forward d i rec t ion 
and a sa tura t ion stage nearly at complete exchange of K i s reached 
at IM concentration of the s a l t used for ion-exchange react ion (Fig,8) 
Tantalum seleni te shows a quant i ta t ive revers ib le ion-exchange 
behaviour. Ion-exchange capacity remains nearly constant i f i t i s 
measured in the regeneration cycle (P ig .9 ) . 
The r e su l t s of d issolu t ion of tantalum s e l e n i t e (Table 13) 
show tha t a l l the four samples are s table in demineralized water, 
sodium n i t r a t e , n i t r i c acid, hydrochloric acid, alcohol and ace t ic 
ac id . A s l igh t amount of selenium i s dissolved in acids upto a 
ce r t a in extent only. The sample 4, prepared in O.iM sulphuric acid 
medium re leases selenium in higher amount with comparison of other 
samples. All the four samples are unstable towards ammonium 
hydroxide, sodium hydroxide and oxalic acid. The sample 1, prepared 
at room temperature and having a concentration of sulphuric acid 
in mother l iquor ^.5M shows a higher s t a b i l i t y in a l l the solvents 
over other samples* The r e su l t s of Tables 9 to I3 fur ther reveal 
tha t the exchange capaci ty and chemical s t a b i l i t y are considerably 
affected by the conditions of preparat ion. The r e s u l t s are in 
20 good agreement with the r e s u l t s of NancoHas who found tha t method 
of preparation of amorphous ion-exchanger has a considerable effect 
on t h e i r composition and degree of hydrat ion. These two factors 
1^  . 
are responsible for the ion-exchange capacity and chemical s t a b i l i t y 
of the product. 
Ion-exchange potentlometric s tudies show tha t tantalum 
se l en i t e in hydrogen form behaves as a monobasic ac id . The r e s u l t s 
of Fis . lO show tha t the d issocia t ion occurs at pn near about 8. 
The r e su l t s of F ig .11 , the backward and forward pk t i t r a t i o n s curves 
with sodium hydroxide reveal that tantalum se l en i t e shows a near ly 
revers ib le behaviour as a very small hys te res i s i s observed. The 
concentration of sodium hydroxide was O.lM in which material 
dissolves neg l ig ib ly . 
The hydrolysis studies ind ica te tha t a l l the four samples 
undergo a l i t t l e hydrolysis when t r ea t ed with water a t pH 6 .8 . I t 
i s c lear from the r e s u l t s (Table 1^) tha t the samples 1 and 3 show 
grea te r r e s i s t an t towards hydrolysis than o the r s . 
15ie r e s u l t s of thermogravimetric analysis (Fig.13) ind ica te 
A. O 
t h a t the weif-iht loss of tantalum se l en i t e in H form upto 300 C 
i s due to the removal of external water molecules in the s t ruc ture 
o 
of exchanger. Above this temperature upto 500 C the weight loss is 
nearly constant. It shows that there is no loss of other water 
molecules, A sharp increase in weight loss is observed when 
o 
temperature is raised to 850 C. Significant structural changes must 
occur over this temperature range and condensation may take place. 
« 
Above 850 C the weight becomes almost constant owing to the formation 
o 
of oxides. The weight loss above 300 C may be due to the v o l a t i l i z a -
t ion tendency of selenium above t h i s tonpera ture . The effect of 
1. -.J 
drying temperature of tantalum se len i te on the ion-exchange capaci ty 
(Table 15) indica tes tha t tantalum se len i t e can he used upto 100 C 
without much loss of ion-exchange capac i ty . The effect of drying 
temperature on ion-exchange capacity i s p lo t ted in Fig.12 to show 
a comparison of other se len l t e s and tantalum based ion-exchangers 
with tantalum s e l e n i t e . The iou-exchange capacltj'- of tantnlum 
se len i te i s g rea t e r a t higher temperatures than other exchangers 
given in same f igu re . The decrease in capacity xirith increase of 
o 
temperature upto 700 C may he due to loss of structural water and 
loss of selenium with attached replaceable hydrogen ions. After 
o 
700 C ion-exchange becomes constant due to formation of oxide and 
no further s t r uc tu r a l change. 
The r e s u l t s of IR spectrum (F ig . l^ ) reveal t ha t tantalum 
se len i t e shows the c h a r a c t e r i s t i c peaks. A broad, peak in the 
-1 -1 
range 2900-3600 cm with a maxima at 3^00 cm represents the 
i n t e r s t i t i a l water free water with nujol . The strong peak a t 
1650 cm" corresponds to the deformation v ibra t ions of i n t e r s t i t i a l 
water and of OH groups, Ihe weak peaks are at 1150 cm and 
-1 -1 
1050 cm and very strong peak i s in the region 650-900 cm . These 
peaks are due to the s t re tching vibrat ion of the M — 0 bond i . e . 
Ta — 0 and Se — 0. Some of the peaks in t h i s IR absorption s tudies 
resembles to the IR studies of sodium se len i t e performed by Mil la r 
and Wilkins^^. 
The results of chemical analysis (Table 9) show that 
tantalum selenite has a ratio Ta:Se, 1:1.15 - 1.50 for various samples. 
1^ .' 
I t can be referred from Table 1 that increasing the temperature 
the selenium content i s decreased. 1!he concentration of sulphuric 
acid in the mother liquor in idiich tantalum selenite i s prepared 
also plays an important role in the composition of ion>exchange 
material. The composition results of samples 1 and k show that 
lotr ooncentraticm of sulphuric acid may increase the tantalum amount 
in the i(R).-exchange material due to precipitation of bydrated 
tantalum peaatozide. ¥ith the help of composition results and formula 
22 
of selenius acid the following formula may be tentat ively proposed 
for tantalum se len i te : 
0— Ta 
I 
0 
0 < — S e 
I 
OH 
0 
f 
Se — 0 — 
0 
f 
Ta 
I 
OH 
1^ HpO 
some positive points for this structure may be discussed as 
follows: (1) Thermogravimetrio analysis (Fig.3) gives the weight loss 
of 12% below 300 C. Ibis loss is due to the water molecules. Above 
this temperatore some selenium itself starts volatilization irtiioh is 
•ore prmiouaeed after 500 C; (ii) IR spectrum of sodium selenite 
resembles with that of tantalm selenite specially for the peaks of 
n:. 
selenlte group; and (Hi) -OH groups attached with selenium is 
responsible to give H"*" as the replaceable ion. 
Hie study of distribution coefficients on tantalum selenite 
in 8 different aqueous solutions and solvents (Table 16) reveal that 
this material possesses diffrential selectivity for metal ions. 
Some important separations can be achieved on the basis of markabie 
difference in Ed values. The distribution coefficient results are 
higher at higher pE due to the less H uptake other than metal ion 
by the exchanger. The uptals:e of Ba and Fe-^  is so stron,-^  that they 
may be separated from a large number of cations. Few industrially 
and analytically important separations were carried out on tantalum 
2+ 2+ 
selenite columns. The quantitative separations of Ba from Mg , 
o QjL %4> 2+ 2+ 2+ P+ 
Sr and Ca of same group and Fe'' from Mn'' , Cu , Ni , Co' , 
Zn^ "*", Al^ "*" and VO^* (Table 17) Indicate the tantalum selenite having 
a fair tendency to separate these cations. In order to explain 
3+ 2+ the high selectivity of tantalum selenite for Fe"'^  and Ba the 
2+ 2+ following discussion may be helpful. The selenites of Mg , Ca , 
Sr^*, Ni^*, Co^*, Mn^*, Zn^* and Al"^ * have been prepared by mixing 
23 the carbonates of the respective metal ions with selenious acid . 
Except ferric and barium selenites all others are soluble in water 
as well as in dilute mineral acids. Therefore, ferric and barium 
adsorbed more strongly than remaining cations under study. Hence 
elution of Mg^*, Ca^ "^ , Sr^*, Ni^ "^ , Co^*, Cu^*, Mh^*, Zn^*, Al^* and 
2+ VO has been made with demineralized water or 0.5M sodium nitrate 
Kdiile the elution of ferric and barium with IM HNO- adding IH sodiuai 
nitrate or ammonium nitrate. Ilie elution of ferric and barlun Is not 
1.: 
sharper (Flg*15) than other metal ions also for the sane reason. 
The results (Table 7) reveal separations perfozmed are quantitative 
with the experiment error range. 
The industrial utility of these separations was checked by-
separating Fe'* from Ni in a electroplating bath solution. Pe 
presence in the electroplating bath solution of nickel produces 
black spots on electroplated shiny surfaces. This difficulty can 
be removed by separating Fe from Ni on tantalum selenite colunns. 
The results of Table 18 can give a valuable point for this problem. 
! ; . . .> 
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C H A P T E R - IV 
THERMODYNAMICS OF ION-EXCHANGE ON FERRIC ANTIMONATE 
E q u i l i b r i a between ion-exchangers and s o l u t i o n s i s being 
s t ud i ed with g r e a t i n t e r e s t . The e a r l i e r s t u d i e s were made on 
i n o r g a n i c ion-exchangers . S tud ies on organic ion-exchange r e s i n s 
were made a f t e r i t because of l a t e i n v e n t i o n of t h e s e r e s i n s . 
Inorgan ic ion-exchangers swel l t o n e g l i g i b l e ex t en t and, t h e r e f o r e , 
the thermodynamics of ion-excbonge on t he se m a t e r i a l s ^d-ll be 
s imple r than on t h e i r o rganic counte r p a r t s tvhere swel l ing i s 
q u i t e a p p r e c i a b l e . In r e c e n t y e a r s s e v e r a l t h e o r i e s of ion-exchange 
e q u i l i b r i a have been developed and t r i e d on a number of i no rgan ic 
i on -exchange r s . The ion-exchange equ i l i b r ium s t u d i e s on amorphous 
z i rconium phosphate of va r ious composi t ion and p r o p e r t i e s have been 
i 2 
r e p o r t e d by Larsen and Vis se r s and Ruvarac for a l k a l i metal i o n s . 
Some admirable s t u d i e s of ion-exchange thermodynamics on semi-
c r y s t a l l i n e and c r y s t a l l i n e z i rconium phosphate have been made by 
Amphlett , A l b e r t i , Noncollas and Dyer a t d i f f e r e n t t empera tu res wi th 
v a r i o u s c i y s t a l l i n i t i e s of m a t e r i a l for Id'*', Na"*", K*, Cs* and Rb"*" ^~^, 
A l e a s t a t t e n t i o n has been paid fo r the ion-exchange thermodynamics 
of d i and po lyva len t ca t i ons* B a e s t l e and Ruvarac r e p o r t e d t h e 
ion-exchange e q u i l i b r i a for Ca , Sr *, Ce-^* and Eu-^*, with hydrogen 
o 
ions at a temperature range 5-70 C on zirconyl phosphate. He a lso 
2+ 2+ 
s t u d i e d the e f f e c t of tempera ture on ion-exchange f o r Ca , Sr , 
2+ "5+ 1 2 
Ba and La on polyantimonic acid at constant ionic strength , 
Larsen and Cil ley -^  performed the s tudies of ion-exchange equilibrium 
i; «--• *-^  
of Li*, Na"*", K* with H* on cerium phosphate. 
This chapter describes the influence of temperature on 
2+ 2+ 2+ ''+ -t. 
the ion-exchange equilibrium of Mg , Ba , Sr and Ca'' with Na 
on f e r r i c antimonate a t constant ionic strength within the temperature 
o 
ranges from 20-60 C. A simple approach has been applied and the 
thermodynamic parameters a re ca lcu la ted . 
EXPERIMENTAL 
Reagents 
F e r r i c n i t r a t e (B.O.H. Ind i a ) and antimony pon tach lo r ide 
(B.D.H. England) were used. A l l o t h e r r eagen t s used were ot AnalaR 
g r a d e . 
Tlie s o l u t i o n s of f e r r i c n i t r a t e and antimony pen t ach lo r ide 
were prepared in deminerallKed xirater and tol h y d r o c h l o r i c ac id 
r e s p e c t i v e l y . 
Syn thes i s of f e r r i G ( l I l ) a n t i a o n a t e 
14 F e r r i c ant imonate was syn thes i zed as r e p o r t e d e a r l i e r 
I t was prepared by mixing O.IM s o l u t i o n s of i r o n ( l l l ) n i t r a t e and 
antimony p e n t a c h l o r i d e . The zero pK of the f i n a l s o l u t i o n was 
ad jus t ed by adding ammonia s o l u t i o n dropwise with c o n s t a n t shakinp;. 
The product was al lowed t o s tand for 2h h o u r s . I t was f i l t e r e d , 
washed with deminera l ized water and d r i e d in the tempera ture 
o 
controlled oven at 40 C. The product hrokedown into small particles 
when immersed in water. The material was converted into H form 
by treatment with 2M nitric acid for 24 hours with occasional shaking 
and intermittent changing the acid. All the samples were again 
0 
dried at 40 C. 
Procedure 
Uie material (50-100 mesh) was converted into sodium form 
by passing 2,0M sodium nitrate in a column and to other metal ionic 
1 . . 
forms by placing the material in a column and passing l.OM chlorides 
or nitrates solution of respective metal ions until the concentration 
of eluant and eluate was identical. The samples washed with 
demineralized water free from Cl~ dried and stored to a constant 
weight in an aqueous atmosphere of 79% humidity (saturated ammonium 
chloride solution). 
Water contents of various cationic form of ferric antimonate 
(stored as above) were dotermlned by heating to a constant weight 
o 
in an air oven at 200 +^  1 C. The ion-exchan/]:;e capacities were 
determined by eluting the alkaline earth metal ions with 2M NaNO-
in a column and analysing the eluate. 
The equilibrium experiments were performed by taking 20 ml 
solution containing sodium chloride or nitrate and appropriate 
alkaline earth metal solutions having constant ionic strength 0.10 
in stoppered conical flasks. To this 0.2 g of exchanger in sodium 
form was added and flasks were shaken thoroughly in a temperature 
controlled SICO shaker for 6 hours at desired temperatures. 
Experiments showed that equilibrium was attained within this period 
and allquotes from supernatant solutions were analysed for metal ions. 
Reversibility experiments were performed by equilibrating 
the exchanger in a particular metal ion fomn with sodium chloride 
o 
solution at 20 C. 
1 . : > 
RESULTS 
The r e s u l t s of ion-exchange c a p a c i t y and water con ten t 
va lues fo r magnesium, calc ium, s t ront ium and barium a r e p r e sen t ed 
in Table 19. 
TABLE 19 
WATER CONTENT AND ION-EXCHANGE CAPACITY OF SOME 
METAL IONS ON FERRIC ANTIMONATE 
, ^ 
lou-exchange Ion-exchange 
c a p a c i t y of c a p a c i t y of 
o f P ^ o i ^ f ^ r Na* form of of exchanger ^ ^ h a n g e r 
Metal 
ion 
Sa l t used Water 
content 
meq/gm meq/gm 
m^* 
Ca^* 
Sr2+ 
Ba2* 
Magnesium c h l o r i d e 
Calcium n i t r a t e 
Strontium n i t r a t e 
Barium c h l o r i d e 
16.25 
12 .5^ 
11.98 
10.06 
1.02 
1.18 
1.22 
1.33 
1.02 
1.20 
1.23 
1.36 
Bie exchange i so therms fo r va r ious c a t i o n s a t d i f f e r e n t 
t empera tu res are p l o t t e d i n F i g s . 16 t o 19 . 
The r e s u l t s of i o n i c f r a c t i o n s of meta l i o n s , s e l e c t i v i t y 
c o e f f i c i e n t s , s o l i d phase a c t i v i t y c o e f f i c i e n t s and thermodynamic 
equl l ibr iuiB c o n s t a n t s a re g iven i n Tables 20 t o 2 3 . 
1. 
TABLE 20 
IONIC FRACTIONS OF Ba^*, SELECTIVITY COEFFICIENTS, SOLID PHASE 
ACTIVITY COEFFICIENTS AND THEKMODINAMIC EQUILIBKIUM CONSTANTS 
FOR Ba^* - Na* EXCHANGE ON FERRIC ANTIMONATE 
\ . 
0 . 0 0 1 3 
0 .0078 
0 . 0 1 3 5 
0 . 0 3 7 5 
0 . 0 7 6 2 
0 .1231 
0 .1766 
0 ,2451 
0 .3236 
0 .4030 
0 . 5 3 9 2 
0 .7096 
0 . 0 0 1 3 
0 . 0 0 7 8 
0 . 0 2 1 6 
0 . 0 3 9 0 
0 . 0 7 5 1 
0 . 1 2 3 4 
0 . 1 7 7 5 
0 . 2 4 6 1 
0*3290 
0 . 4 2 0 9 
0 . 5 6 1 8 
0 . 7 0 8 6 
^ a 
0 . 2 6 6 9 
0 . 4 5 1 3 
0 . 5 0 8 8 
0 . 5 8 8 5 
0 . 6 4 1 6 
0 .6818 
0 . 7 3 4 5 
0 . 7 5 2 3 
0 .8148 
0 . 8 8 9 4 
0 . 9 2 5 9 
0 .9774 
0 .2645 
0 .4425 
0 .4867 
0 .5531 
0 .6195 
0 .6637 
0 .7080 
0 .7301 
0 . 7 5 2 2 
0 .8628 
0 ,8407 
0 ,9707 
t • * 
(a) Ba^* . 
6 1 9 . 6 7 
301 .77 
242 .47 
1 3 6 . 9 4 
8 7 . 2 1 
6 6 . 8 0 
6 3 . 8 0 
4 5 . 4 3 
53 .19 
102 .55 
105 .90 
365 .20 
(b) Ba2+ . 
6 0 5 . 1 6 
2 8 8 . 7 7 
1 2 1 . 9 4 
105 .37 
7 8 . 3 4 
5 8 . 7 5 
5 1 . 5 2 
3 7 . 2 1 
2 6 . 9 4 
5 8 . 7 1 
1 8 . 2 0 
3 6 . 0 3 
^Ba 
- Na at 
0 . 1 8 3 
0 . 3 3 9 
0 . 3 9 6 
0 . 5 4 8 
0 . 6 6 2 
0 . 7 9 0 
0 . 8 5 8 
0 . 9 4 6 
0 .958 
0 . 9 5 2 
0 . 9 7 2 
0 . 9 6 6 
- Na a t 
0 . 1 1 4 
0 . 2 2 1 
0 . 3 7 3 
0 . 4 1 4 
0 . 4 8 6 
0 . 5 5 0 
0 . 6 1 6 
0 . 6 9 6 
0 . 7 4 8 
0 . 7 7 5 
0 . 8 8 6 
0 . 9 7 5 
t 
*Na 
20 + 1**C 
1 .257 
1 ,144 
1 .074 
0 . 8 4 8 
0 . 6 6 4 
0 . 5 8 4 
0 . 6 0 7 
0 . 4 7 2 
0 . 5 6 5 
1 .011 
1 . 1 5 3 
3 . 5 6 1 
30 + i ^ c 
1 .200 
1 .122 
0 . 7 9 8 
0 . 7 6 6 
0 . 6 6 8 
0 . 5 6 9 
0 . 5 5 4 
0 . 4 5 4 
0 . 3 5 6 
0 . 8 1 7 
0 . 2 8 3 
0 . 5 9 5 
1 t 
K K 
a a 
average 
9 0 . 1 2 
8 9 . 6 6 
8 9 . 4 9 
8 8 . 5 4 
8 8 . 9 4 
9 0 . 3 4 
9 0 . 0 3 9 1 . 0 5 
9 1 . 0 5 
9 0 . 2 6 
9 6 . 5 5 
8 8 . 6 3 
9 9 . 1 0 
57 .59 
56 .98 
5 6 . 9 9 
5 7 . 0 0 
57 .00 
5 6 . 8 4 
57 .19 ^^'^^ 
5 7 . 0 4 
5 6 . 6 2 
5 5 . 7 3 
5 7 . 0 0 
5 8 . 9 9 
1, 
TABLE 20 (Contd.) 
^ a 
0.0026 
0,0091 
0,0216 
0.0404 
0.0785 
0.1252 
0.1794 
0.2510 
0.3319 
0.4314 
0.5662 
0.6825 
0.0026 
0.0105 
0.0230 
0.0405 
0.0785 
0.1270 
0.1836 
0.2609 
0.3407 
0.4455 
0.5931 
0.7377 
...„,„ . „. 
^ a 
0.2434 
0,4204 
0.4867 
0.5310 
0.5752 
0.6416 
0.6858 
0.6858 
0.7301 
0.7965 
0.8186 
0.9615 
0.2434 
0.3982 
0.4646 
0.5310 
0.5752 
0.6195 
0.6416 
0.5973 
0.6637 
0.7080 
0.6858 
0.8621 
f 1 
(c) Ba2+ 
263.56 
218.75 
132.62 
89.14 
56.02 
49.47 
42.24 
23.33 
21.85 
23.36 
13.40 
29.40 
(d) Ba^* 
265.84 
167.53 
109.91 
89.75 
56.15 
41.93 
29.61 
12.61 
12.24 
9.36 
3.53 
6.91 
*Ba 
- Na a t 
0.157 
0.175 
0.235 
0.307 
0.379 
0.426 
0.470 
0.589 
0.638 
0.734 
0.905 
0.567 
- Na* at 
0.094 
0.155 
0.208 
0.246 
0.322 
0.384 
0.438 
0.609 
0.717 
0.771 
0.868 
t 1 
Na 
40 i l^C 
1.224 
1,109 
0,929 
0.817 
0.634 
0.629 
0.601 
0.401 
0.402 
0.453 
0.302 
0.685 
50 + l^C 
1.228 
1.276 
1.106 
1.075 
0.890 
0.873 
0.637 
0.376 
0,40 5 
0.339 
0.169 
0.299 
I 1 
K K a a 
average 
33.81 
34.54 
33.54 
33.48 
33.47 
33.57 
33.08 33.96 
33.07 
32.00 
32.90 
32.50 
41.64 
20.33 
20.42 
20.68 
20.56 
20.48 
18.49 
20.34 20.46 
20.45 
21.68 
21.29 
20.89 
20.01 
20 C Forward 
Sifc 
• 20C Backward 
0 0.2 O.A 0.6 0 6 J.O 
lon/c fraction of Ba^ in solution (Xf^g ) 
Fig. /6 fon exctionge isoitierm of Ba^*-Na*exchange 
on ferric anfimonate 
ISO 
TABLE 20 (Contd.) 
T I a 
0.0057 
0.0131 
0.0258 
0.0419 
0.0800 
0.1289 
0.1836 
0.2634 
0,3436 
0.4491 
0.6032 
0.7556 
t 
0.1991 
0.3540 
0.4204 
0.5088 
0.5531 
0.5973 
0.6416 
0.5752 
0.6416 
0.6858 
0.6416 
0.7940 
i 1 
(e) Ba^* 
99.40 
104.06 
75.96 
76.22 
48.34 
35.78 
29.92 
10.83 
10.33 
7.75 
2.16 
2.44 
^Ba 
1 1 
*Na 
- Na* at 60 i 1°C 
0.124 
0.120 
0.159 
0.174 
0.219 
0.274 
0.301 
0.427 
0.441 
0.496 
0.772 
0.742 
1.214 
1.229 
1.191 
1.307 
1.051 
0.974 
0.905 
0.459 
0.457 
0.388 
0.168 
0,185 
K 
a 
10.17 
10.18 
10.17 
10.14 
10.10 
10.08 
9.96 
10.02 
9.96 
9.92 
9.96 
9.80 
1 
average 
10.05 
^ J 
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2+ IONIC FRACTIONS OF Mg , SELECTIVITY COEFFICIENTS, SOLID PHASE 
ACTIVITY COEFFICIENTS AND THERflODYNAMIC EQUILIBRIWI CONSTANTS 
Mg^* - Na* EXCHANGE ON FERRIC ANTIMONATE 
^ "Slg K. ^Ig Na K 
average 
2+ (a) Mg - Na a t 20 + 1 C 
0.0102 
0.0224 
0.0395 
0.0517 
0.0915 
0.1278 
0.2014 
0.2713 
0.3504 
0.4511 
0.5869 
0.7178 
0.1471 
0.2696 
0.3186 
0.4657 
0.5637 
0.6127 
0.6373 
0.6863 
0.7843 
0.8578 
0.8823 
0.9829 
25.96 
29.11 
21.64 
38.30 
36.06 
32.82 
20.70 
18.43 
27.41 
38.26 
25.00 
503.20 
(b) Mg2* 
0.603 
0.621 
0.803 
0.620 
0.713 
0.759 
0.939 
1.021 
1.019 
1.062 
1.106 
0.999 
- Na"*" a t 
1.153 
1.345 
1.277 
1.745 
2.076 
1.854 
1.435 
1.392 
2.055 
2.947 
2.021 
36.040 
30 + i*c 
13.58 
13.45 
13.61 
13.62 
13.39 
13.59 
13.55 
13.52 
13.59 
13.79 
13.68 
13.95 
0.0102 
0.0237 
0.0409 
0.0532 
0.0947 
0.1447 
0.2071 
0.2758 
0.3504 
0.4545 
0.5913 
0.7468 
0.1470 
0.2451 
0.2941 
0.4412 
0.5147 
0.5637 
0.5882 
0.6372 
0.7843 
0.8333 
0.8578 
0.9821 
26.41 
23.54 
13.07 
32.40 
25.74 
20.38 
14.33 
12.53 
27.63 
26.72 
16.30 
358.24 
0.463 
0.562 
0.707 
0.555 
0.683 
0.794 
0.955 
1.032 
0.972 
1.089 
1.148 
0.993 
1, 
1, 
1, 
1, 
173 
269 
228 
723 
1.684 
1 
1, 
1. 
2. 
.555 
,316 
261 
577 
2.632 
1.788 
32.900 
10.43 
10.42 
10.41 
10.45 
10.44 
10.41 
10.40 
10.25 
11.02 
10.45 
10.47 
10.82 
13.61 
10.49 
TABLE 21 
^ 
0 . 0 1 0 2 
0 .0250 
0 .0409 
0 . 0 5 5 3 
0 .0980 
0 .1429 
0 . 2 1 0 0 
0 . 2 7 5 8 
0 . 3 5 6 2 
0 . 4 6 1 5 
0 . 5 9 1 3 
0 . 7 3 3 8 
0 . 0 1 1 6 
0 . 0 2 6 5 
0 . 0 4 2 3 
0 . 0 5 4 7 
0 .0980 
0 . 1 4 8 5 
0 . 2 0 7 2 
0 . 2 7 8 7 
0 . 3 5 9 2 
0 . 4 7 9 2 
0 .5957 
0 . 7 5 5 5 
( C o n t d . ) 
^ 
0 . 1 4 7 1 
0 . 2 2 0 6 
0 . 2 9 4 1 
0 . 4 1 6 9 
0 .4657 
0 . 5 6 3 7 
0 . 5 3 9 2 
0 . 6 3 7 3 
0 . 7 3 5 3 
0 . 7 8 4 3 
0 . 8 5 7 8 
0 .9598 
0 . 1 2 2 5 
0 . 1 9 6 1 
0 . 2 6 9 6 
0 . 4 1 6 7 
0 . 4 6 5 7 
0 . 5 1 4 7 
0 . 5 3 9 3 
O.6I27 
0 .7108 
0 . 6 6 1 8 
0 .8578 
0 .9559 
1 1 
K 
c 
( c ) Mg2+ 
26 .38 
1 8 . 8 3 
1 8 . 1 2 
2 6 . 9 8 
18 .48 
20 .78 
10 .30 
12 .57 
16 .67 
14 .44 
1 6 . 3 5 
148 .89 
( d ) Mg2+ 
18 .38 
14.89 
14 .84 
27 .45 
18 .98 
16 .35 
10 .57 
1 0 . 4 6 
1 3 . 3 3 
4 . 4 9 
1 5 . 9 8 
53.33 
• 
*Mg 
- Na* a t 
0 . 3 7 4 
0 . 5 2 6 
0 . 5 8 8 
0 . 5 3 1 
0 . 6 9 1 
0 . 7 1 1 
0 . 9 7 8 
0 . 7 4 5 
0 . 9 5 0 
1 .029 
1 .084 
1.020 
- Na* a t 
0 . 4 0 5 
0 . 5 2 8 
0 . 5 7 7 
0 . 4 5 0 
0 . 5 7 2 
0 . 6 6 0 
0 . 8 4 0 
0 . 8 9 2 
0 . 9 0 5 
1.220 
1.030 
1.199 
I 1 
Na 
40 jf 1 C 
1.197 
1.200 
1 .291 
1 .736 
1 .545 
1 .790 
1.218 
1.442 
1.922 
1 .801 
2 . 1 4 4 
18 .060 
50 i i°c 
1.105 
1.165 
1 .263 
1 .833 
1 .631 
1.604 
1.307 
1 .391 
1.798 
0 . 8 1 2 
2 . 4 4 5 
9 . 3 4 4 
K 
a 
8 . 2 6 
8 . 2 6 
8 . 2 6 
8 . 2 6 
8 . 2 7 
8 . 2 6 
8 . 2 7 
8 , 2 4 
8 . 2 4 
8 . 2 5 
8 . 2 7 
8 . 4 1 
6 . 7 4 
6 . 6 6 
6 . 7 3 
6 .74 
6 . 5 2 
6 . 7 3 
6 . 7 9 
6 . 7 1 
6 . 7 1 
6 . 7 8 
6 . 7 3 
6 . 8 4 
141 
1 
K 
a 
a v e r a g e 
8 . 2 7 
6 . 7 2 
0.2 O.A 0.6 0.6 1.0 
Ionic fraction o f Mg ^* in solution (Xf^^ ) 
^g 17 Ion exchange isotherm of Mg^'*'-No'^ exc honge 
on ferric anfimonate 
TABIAE 21 ( C o n t d . ) 
T f 
2 J. 
l4.^ 
^ ^ ^c *Mg *Na K. £.-:_ f„. K^  K^  
(e) Mg^ *^  - Na"*" at 60 _+ 1**C 
average 
0.0128 
0.0292 
0.0466 
0.0592 
0.1030 
0.15^1 
0.2143 
0.2863 
0.3709 
0.4793 
0.6135 
0.7834 
0.0980 
0.1471 
0.1960 
0.3431 
0.3922 
0.4412 
0.4902 
0.5392 
0.6127 
0.6618 
0.7353 
0.8333 
12.65 
9.00 
8.16 
16.39 
11.44 
9.05 
7.49 
6.20 
6.01 
4.52 
3.53 
2.48 
0.192 
0.272 
0.509 
0.217 
0.285 
0.342 
0.396 
0,463 
0.499 
0.570 
0.672 
0.797 
1.083 
1.092 
1.127 
1.586 
1.445 
1.385 
1.327 
1.286 
1.347 
1.179 
1,089 
0.895 
2.24 
2.24 
2.24 
2.24 
2,25 
2,24 
2.24 
2.23 
2.23 
2.19 
2.22 
2.21 
2.23 
1 4 . 
TABLE 22 
2+ 
IONIC FRACTIONS OF S r , SELECTIVITY COEFFICIENTS, SOLID PHASE 
ACTIVITY COEFFICIENTS AND THERMODYNAMIC EQUILIBRIUM CONSTANTS 
Sr^* - Na* EXCHANGE ON FERRIC ANTIMONATE 
=^sr 
0 . 0 0 6 1 
0 . 0 1 7 1 
0 . 0 3 2 6 
0 . 0 4 9 2 
0 . 0 8 5 5 
0 . 1 3 9 8 
0 . 1 9 5 2 
0 . 2 6 2 3 
0 . 3 4 6 8 
0 . 4 5 2 7 
0 . 5 8 1 9 
0 . 7 3 8 9 
0 . 0 0 9 0 
0 . 0 2 6 5 
0 . 0 4 3 9 
0 . 0 6 3 9 
0 . 1 0 8 9 
0 . 1 5 7 7 
0 . 2 1 0 8 
0 . 2 8 4 1 
0 . 3 7 4 1 
0 . 4 7 6 2 
0 . 6 0 1 8 
0 . 7 4 9 2 
^ S r 
0 .1680 
0 .2746 
0 .3279 
0 .3320 
0 . 4 3 0 3 
0 . 4 3 8 5 
0 .4959 
0 .5333 
0 .5902 
0 . 6 3 9 3 
0 .6967 
0 .8197 
0 .1352 
0 . 1 4 7 5 
0 .1803 
0 .1926 
0 .2172 
0 .2828 
0 . 3 8 9 3 
0 .4139 
0 .4385 
0 .5246 
0 . 6 5 1 1 
0 .7992 
1 1 
( a ) S r^* 
6 2 . 6 9 
4 7 . 0 2 
33 .29 
2 1 . 8 1 
2 0 . 6 8 
1 1 . 7 4 
1 0 . 3 0 
8 . 1 0 
6 .90 
5.19 
3 . 6 3 
3 . 7 1 
(b) S r2* 
3 1 . 7 0 
1 1 . 6 6 
8 . 9 8 
6 . 5 1 
4 . 1 5 
3 .98 
4 . 9 6 
3 . 4 9 
2 . 3 4 
2 . 1 5 
1.96 
2 . 7 3 
^Sr 
•- Na a t 
0 . 0 9 1 
0 . 1 2 7 
0 . 1 7 4 
0 . 2 2 7 
0 . 2 9 2 
0 . 3 5 9 
0 . 4 0 2 
0 . 4 6 5 
0 . 5 3 4 
0 . 5 9 9 
0 . 7 2 9 
0 . 8 1 3 
- Na* a t 
0 . 0 5 6 
0 . 1 3 6 
0 . 1 6 3 
0 . 2 1 6 
0 . 3 1 7 
0 . 3 4 7 
0 . 2 7 2 
0 . 4 3 2 
0 . 5 3 9 
0 . 6 3 3 
0 . 7 3 2 
0 . 8 1 4 
1 
•^ Na 
20 + l^C 
1.391 
1.456 
1.409 
1.206 
1.202 
1.034 
1.021 
0 .930 
0 .910 
0 . 8 5 7 
0 . 8 7 5 
0 .750 
30 i 1*0 
0 .794 
0 . 7 5 1 
0 . 7 2 5 
0 . 6 9 5 
0 .654 
0 .687 
0 . 8 4 6 
0 . 7 5 1 
0 . 6 5 3 
0 .698 
0 .719 
1.112 
\ 
4 . 1 4 
4 . 1 2 
4 . 1 1 
4 . 1 1 
5 . 0 2 
4 . 0 8 
4 . 0 6 
4 . 0 5 
4 . 0 4 
3 . 6 2 
4 . 0 3 
4 . 0 2 
2 . 2 0 
2 . 0 6 
2 . 0 3 
2 . 0 2 
2 . 0 1 
2 . 0 1 
1.60 
2 . 0 0 
2 . 0 0 
1 .95 
2 . 0 0 
2 . 0 0 
1 
a v e r a g e 
4 . 1 1 
1 .99 
14J 
TABLE 22 (Contd.) 
^ S r 
0.0116 
0.0293 
0.0453 
0.0553 
0.1106 
0.1615 
0.217A 
0.29^1 
0.3771 
0.4799 
0.6063 
0.7548 
0.0129 
0.0306 
0.0467 
0.0670 
0.1123 
0.1634 
0.2240 
0.2943 
0.3805 
0.4838 
0.6063 
0.7548 
1 
0.0943 
0.1066 
0.1598 
0.1721 
0.1967 
0.2418 
0.3279 
0.3525 
0.4180 
0.5040 
0.6107 
0.7787 
0.0738 
0.0861 
0.1393 
0.1216 
0.1762 
0.2213 
0.2664 
0.3320 
0.3934 
0.4836 
0.6167 
0.7784 
1 t 
K 
c 
(c) Sr^* 
15.68 
6.96 
7.37 
5.42 
3 .53 
2.97 
3 .31 
2 .31 
2.06 
1.88 
1.67 
1.88 
(d) Sr2+ 
10.62 
5.17 
5.98 
4 .47 
2 .92 
2.15 
2.17 
2.48 
1.76 
1.64 
1.68 
2.07 
f Sr 
- Na a t 
0.073 
0.152 
0.151 
0.195 
0.285 
0,330 
0.352 
0.453 
0.532 
0.598 
0.713 
O.803 
- Na* a t 
0.088 
0.173 
0.184 
0.204 
0.295 
0.348 
0.413 
0 .403 
0.552 
0.628 
0.699 
0 .783 
1 1 
\ f a 
40 + l^C 
0.846 
0.792 
0.837 
0.797 
0.762 
0.774 
0.879 
0.816 
0 ^ 1 8 
0.854 
0.904 
1.148 
50 i 1*C 
0.835 
0.800 
0 .853 
0 .821 
0 .793 
0.802 
0.811 
0.907 
0.878 
0.935 
1.067 
1.468 
K 
a 
1.34 
1.34 
1.33 
1.33 
1.32 
1.27 
1.32 
1.29 
1.32 
1.31 
1.32 
1.31 
1.09 
1.12 
1.29 
1.11 
1.11 
1.11 
1.11 
1.10 
1.11 
1.10 
1.10 
1.10 
1 
K 
a 
average 
1.31 
1.12 
CO 
t 0,6 
c 
D 
-c 
o 
^ 0.6 
c 
o 
A 
2<9°C 
40*0 
sd'c 
Bock ward 
Forward 
0 0.2 o.A 0.6 a a i.o 
ion/c fraction ofSr^* In solution ( X ^f) 
fig. 16 ton e xc t) ange isoftierm of Sr^'*'-N a* exchange^ 
on ferric ont'irnonate 
." '^•^ W :;>:;. Ay^^f? 
TABLE 22 (Contd.) 
147 
, ', 5 ; i • I 
- 2 
average 
(e) Sr""* - Na"^  a t 60 +^  1 C 
0.0141 
0.0306 
0.0482 
0.0670 
0.1125 
0.1634 
0.2208 
0.2969 
0.3832 
0.4836 
0.6063 
0.7548 
0.0738 
0.0861 
0.1188 
0.1516 
0.1762 
0.2009 
0.2664 
0.3115 
0.3770 
0.4836 
0.6107 
0.7787 
9.29 
5.22 
4.74 
4 .52 
3.01 
2.19 
2.25 
1.81 
1.59 
1.65 
1.70 
2.09 
0.088 
0.157 
0.179 
0.192 
0.279 
0.369 
0.390 
0.488 
0.557 
0.606 
0.684 
0.780 
0.839 
0.796 
0.829 
0.846 
0.820 
0.790 
0.860 
0.852 
0.870 
0.983 
1.150 
1.601 
1.03 
1.03 
1.03 
1.02 
1.02 
1.02 
1.02 
1.03 
1.02 
1.02 
1.02 
1.02 
1,0£ 
IONIC 
/ 
FRACTIONS 2+ OF Ca^ , 
TABLE 23 
SELECTIVITY COEFFICIENTS, SOLID 
14J 
PHASE 
ACTIVITY COEFFICIENTS AND THERMODYNAMIC EQUILIBRIUM CONSTANTS 
1 
0 . 0 0 6 ^ 
0 . 0 1 7 1 
0 . 0 5 ^ 9 
0 . 0 4 6 3 
0 . 0 8 4 5 
0 . 1 3 8 5 
0 . 1 9 8 5 
0 . 2 7 1 6 
0 . 3 5 2 7 
0 . 4 5 0 9 
0 . 5 8 9 9 
0 . 7 4 8 3 
0 . 0 0 6 4 
0 . 0 1 8 5 
0 . 0 3 6 5 
0 . 0 4 6 4 
0 . 0 8 7 9 
0 . 1 3 5 3 
0 . 2 0 4 4 
0 . 2 8 1 9 
0 . 3 6 9 6 
0 . 4 6 5 6 
0 . 5 8 8 4 
0 . 7 5 0 8 
FOR Ca' 
r 1 
^Ca 
0.1737 
0.2839 
0.3051 
0.4195 
0.4915 
0.4788 
0.4667 
0.4746 
0.5678 
0.6398 
0.6696 
0.8054 
0.1695 
0.2542 
0.2754 
0.4025 
0.4237 
0.4661 
0.3813 
0.3602 
0.4625 
0.5297 
0.6568 
0.7839 
''* - Na-^  
r 
^ 0 
EXCHANGE ON 
*Ca 
(a ) Ca - Na a t 
58 .87 
4 6 . 9 2 
2 5 . 3 3 
36 .69 
28 .34 
1 4 . 1 8 
7 . 9 6 
5 .18 
5 .42 
4 . 9 5 
2 .62 
2 .69 
(b) Ca 
57 .24 
3 5 . 9 3 
2 0 . 2 2 
3 3 . 2 8 
1 8 . 2 6 
13 .64 
4 . 6 6 
2 . 4 3 
1 .83 
2 .20 
2 . 4 2 
2 .10 
0 . 0 8 2 
0 . 1 0 4 
0 . 1 7 2 
0 . 1 5 4 
0 . 1 9 1 
0 . 2 6 9 
0 . 3 6 5 
0 .449 
0 . 4 6 6 
0 . 5 4 7 
0 . 7 0 0 
0 . 7 9 7 
2 + XT + + 
- Na a t 
0 . 0 4 3 
0 . 0 6 6 
0 . 1 0 4 
0.J .05 
0 . 1 5 7 
0 . 2 0 5 
0 . 3 3 5 
0 . 5 1 4 
1.594 
0 . 5 8 2 
0 . 6 4 8 
0 . 7 7 7 
FERRIC ANTIMONATE 
1 1 
Na 
20 i l^'c 
1.133 
1.165 
1.025 
1.339 
I.3O8 
0.917 
0.687 
0.561 
0.636 
0.625 
0.444 
0.519 
30 j ^ i**c 
1.133 
1.080 
0.941 
1.598 
1.315 
1.292 
0.709 
0.561 
0.504 
0.598 
0.727 
0 .753 
1 1 
^a 
4 .26 
4 .22 
4 .25 
4 .22 
4 .16 
4 .16 
4 . 2 3 
4 .15 
3.97 
4 .15 
4 .13 
4 .13 
2.22 
2.22 
2.23 
2.19 
2.18 
2.16 
2.21 
2.22 
2.16 
2.16 
2.16 
2.16 
^a 
a v e r a g e 
4 . 1 7 
2 .19 
TABLE 23 (Contd.) 
14J 
X Ca ^Ca Ca Na K. a a 
average 
(c) Ca^* - Na* at 40 + l ' ( 
0.0064 
0.0185 
0.0353 
0.0464 
0.0898 
0.1353 
0.2066 
0.2872 
0.3696 
0.4694 
0.5930 
0.7567 
0.0064 
0.0198 
0.0410 
0.0479 
0.0915 
0.1410 
0 .2111 
0.2898 
0.3696 
0.4731 
0.5977 
0.7627 
0.1695 
0.2542 
0.2754 
0.4025 
0.4025 
0.4661 
0.3602 
0.3178 
0.4525 
0.5085 
0.6350 
0.7627 
0.1695 
0.2331 
0.2542 
0.3814 
0.3814 
0.4025 
0.3178 
0.2966 
0.4025 
0 .4873 
0.6144 
0.7^15 
57.78 
36.15 
21.00 
33.57 
15.78 
13.71 
4.07 
1.83 
1.92 
1.90 
2 .03 
1.61 
(d) Cd^* 
58.00 
29.42 
15.69 
28.86 
13.76 
9.03 
3.08 
1.60 
1.85 
1.61 
1.71 
1.25 
0.035 
0.055 
0.083 
0.091 
0.144 
0.185 
0 .315 
0.535 
0 .531 
0 .555 
0 .623 
0.757 
- Na* at 
0.037 
0.058 
0.097 
0.082 
0.129 
0.174 
O.3O6 
0.485 
0.449 
0.526 
0.597 
0.749 
1.174 
1.133 
1.000 
1.793 
1.329 
1.494 
0.7^4 
0.570 
0.576 
0.626 
0.744 
0.718 
50 + 1*C 
1.198 
1.085 
0.945 
1.^53 
1.096 
0.997 
0.607 
0.495 
0.516 
0 .543 
0 .628 
0.512 
1.77 
1.75 
1.72 
1.71 
1.70 
1.70 
1.78 
1.70 
1.70 
1.70 
1.70 
1.70 
1.80 
1.58 
1.62 
1.63 
1.63 
1.58 
1.55 
1.56 
1.61 
1.62 
1.63 
1.83 
1.72 
1.63 
0 0.2 0.4 0.6 0.6 J.O 
ionic fraction ofCa^^in solution ( XQ^J 
Fig. /9 . Ion exchongelsottierm of Ca^ *- Na^exchtan 
on ferric ontimonote 
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TABI^ 23 (Contd.) 
- 2 
^Ca ^Ca ^c *Ca *Na ^a ^a 
average 
(e) Ca^* - Na* a t 60 + I ' c 
0.0090 
0.0211 
0.0393 
0.0523 
0.09^8 
0.1490 
0.2132 
0.2898 
0.6273 
0.^731 
0.6023 
0.7627 
0.1271 
0.2119 
0.2330 
0.3178 
0.3390 
0.3602 
0.2966 
0.2966 
0.3813 
0.4873 
0.5932 
0.7415 
28.07 
23.84 
14.19 
18.08 
10.34 
6.59 
2.68 
2.26 
1.62 
1.67 
1.45 
1.26 
0.037 
0.058 
0.097 
0.082 
0.129 
0.174 
0,306 
0.485 
0.445 
0.526 
0.597 
0.749 
1.112 
1.162 
1.056 
1.280 
1.118 
0.987 
0 .691 
0.658 
0 .612 
0.716 
0 .731 
0 .772 
1.80 
1.58 
1.62 
1.63 
1.63 
1.58 
1.55 
1.50 
1.61 
1.62 
1.63 
1.83 
1.63 
The plots of log K vs ionic f ract ion of cation in exchanger 
phase are presented in Figs.20 to 23. The thermodynamic equilibrium 
constant calculated from these p lo t s are given in Tables 24 to 27. 
« 
The r e su l t s of entropy change, AH , free energy change, 
o o 
£^ G and entropy change, A. S , were calculated. The results of these 
thermodynamic parameters are given in Tables 24 to 27. 
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TABLE 24 
THERMODWAMIC PARAMETERS FOR Ba^* - Na"*" EXCIiAIvfGE ON FERRIC ANTIMONATE 
AT CONSTANT IONIC STRENGTH AT VARIOUS TEMPERATURES 
Th ermodynajni c 
parameters 
K 
a 
^ G " (KJ/mole) 
A H ° (KJ/mole) 
0 
AS ( j /mo le /deg ree ) 
1 
20 + l^C 
88,65 
- 4 . 7 5 
t t t 
30 + 1*0 40 + I ' c 50 + 1*C 
56.98 32.01 19.66 
- 4 , 4 3 - 3 . 9 2 - 3 . 4 8 
-47 .052 + 0,42 
- 1 3 8 , 5 + 2,30 
1 - -
60 + i ° c 
9.71 
- 2 . 7 4 
TABLE 25 
THEHMOD-XNAMIC PARAMETERS FOR Mg^* - Na* EXCHANGE ON FERRIC ANTIMONATE 
AT CONSTANT IONIC STRENGTH AT VARIOUS TEMPER/VTURES 
Thermodynamic 20 + l C 3 0 + ^ l C 40 ^ I C 50 ^ I C 60 + I C 
p a r a m e t e r s "" 
^a 
AG (KJ/mole) 
^ H " (KJ/mole) 
0 
AS (j/mole/degree) 
13.15 
- 2 . 7 3 
10.10 8.02 
- 2 . 5 3 - 2 . 3 6 
-11 .22 + 0 .16 
-28 .92 + 0 . 5 0 
6.55 
- 2 . 2 0 
2.20 
- 0 . 9 5 
IbV 
TABLE 26 
THERMOD"XNAJIIC PAfiAMETERS FOU sr^"^ - Na* EXCHANGE ON FERRIC ANTIMONATE 
AT CONSTANT IONIC STRENGTH AT VARIOUS TEMPERATURES 
Thermodynainic 20 + 1 C 30 + 1°C 40 ^ 1°C 50 + I ' c GO j^ 1°C 
p a r a m e t e r s "" 
K„ 0 . 8 8 2 . 0 0 1 .31 1.10 1 .01 
A G ' (SJ /mo le ) - 1 . 4 4 - 0 . 7 5 - 0 . 3 0 - 0 . 1 1 - 0 . 0 2 
AH (KJ/mole) - 1 0 . 9 0 + . 0 . 2 3 
0 
AS ( J / m o l e / d e g r e e ) - 3 3 . 1 5 + 0 . 2 5 
TABLE 27 
THERMODYNAMIC PARA>IETERS FOft Ca^* - Na* EXCHANGE ON FEliRIC ANTIMONATE 
AT CONSTANT IONIC STRENGTH AT VARIOUS TEMPERATURES 
J J j j , 
niermodynamic 20 + l Q 3 0 + ^ l C 40 + ^ 1 0 50 + l C 60 + l C 
parameters "" "~ 
\ 
A G ' (KJ/mole) 
AH* (KJ/mole) 
0 
^S (J/mole/degree) 
4.08 
-1.49 
2.15 1.69 
-0.84 -0.60 
-17.^8 + 0.16 
-52.90 + 0.54 
1.56 
-0 .52 
1.18 
-0 .20 
15 
DISCUSSION 
The r e s u l t s of i o n - e x c h a n g e c a p a c i t y and w a t e r c o n t e n t 
2+ 2+ 2+ 2+ 
v a l u e s f o r Ca , Sr , Ba and Mg form of f e r r i c a n t i m o n a t e 
(Tab le 1^) i n d i c a t e t h a t i o n - e x c h a n g e c a p a c i t y i n c r e a s e s i n t h e 
o r d e r Mg "*"^ ^ Ca "*" <. Sr *<_ Ba "** which i s i n good ag reemen t w i t h 
15 t h e r e s u l t s of z i r c o n i u m p h o s p h a t e . Bie w a t e r c o u t e u t i n a l l t h e 
f o u r forms of e x c h a n g e r d e c r e a s e s a s t h e h y d r a t e d r a d i i of t h e i o n s 
d e c r e a s e s , i t r e v e a l s t h a t t h e m e t a l i o n s e n t e r i n t o t h e m a t r i x i n 
t h e h y d r a t e d form and t h e marked d i f f e r e n c e in t h e h y d r a t i o n number 
of i o n s . A s i m i l a r b e h a v i o u r h a s a l s o been r e p o r t e d by o t h e r w o r k e r s 
16 i n t h e c a s e of z i r c o n i u m p h o s p h a t e 
F i g s . 16 t o 19 p r e s e n t s t h e r e v e r s i b i l i t y of exchange of 
m e t a l i o n s w i t h sodium form of f e r r i c a n t i m o n a t e . The i o n - e x c h a n g e 
r e a c t i o n may be w r i t t e n a s 
2Na"^ + M^* ^ M + 2Na* ( 1 ) 
The b a r r e d q u a n t i t i e s r e f e r r e d t o t h e e x c h a n g e r id iase and 
t h e u n b a r r e d t o t h e s o l u t i o n phase* 
An e x a m i n a t i o n of t h e i o n - e x c h a n g e i s o t h e r m s ( F i g s . 1 6 - 1 9 ) 
shows t h a t exchange c a r r i e d o u t w i t h c o n s t a n t i o n i c s t r e n g t h . A l l 
i o n - e x c h a n g e i s o t h e r m s a r e above t h e d i a g o n a l i n d i c a t i n g t h a t 
a l k a l i n e e a r t h m e t a l s a r e p r e f e r r e d b y f e r r i c a n t i m o n a t e t h a n sod ium. 
IJie a f f i n i t y f o r a l k a l i n e e a r t h m e t a l s d e c r e a s e s a s t h e t e m p e r a t u r e 
1 U v.> 
I n c r e a s e s . Bie i s o t h e r m s i n d i c a t e t h a t u p t a k e of h a r i u m i o n s i s 
t o a g r e a t e r e x t e n t t h a n o t h e r a l k a l i n e e a r t h m e t a l i o n s . These 
2+ + 
r e s u l t s a l s o show t h a t f o r Ba - Na exchange a smal l h y s t e r i s i s 
2-f -t- 2-t- -f 2-(> 4-
loop ex i s t s while for Ca - Na , Sr - Na and Mg - Na exchange 
perfect r e v e r s i b i l i t y i s observed. These isotherms also indica te 
that thn preference of a lkal ine etirth metal ions in the order of 
Ba2*> Mg2-^ > Sr2*> Ca^*. 
The s e l ec t i v i t y coef f ic ien t , K , for ion-exchange react ion 
17 (equation l ) i s calculated defined as by Barrer 
— 2 
ir ^ i ' "^a "^  Na / _ X 
^c " ^ "• ^ ^ ^ 
^ a •• -^ -I ^M 
Trfiere X| i s the ionic f ract ion of metal in the exchanger phase, 
X-j and X.. the ionic f ract ions of sodium and metal in the solut ion 
phase respec t ive ly , Y vr ^^'^ X M *^ e^ a c t i v i t y coeff ic ients sodium 
and metal respect ive ly in the so lu t ion . The a c t i v i t y coef f ic ien t s 
of cations in the solution phase i s calculated using Debye-Huckel 
equation. The form of the Debye-Huckel equation used for computing 
the a c t i v i t y coeff icient . , of ion i , and charge, Z., i s 
A Z. / 7 J 
- logY^ = L J ! ( 3 ) 
1 + B a ^ / T T 
where A and B are constants, a. the ion size parameter and b the 
ionic strength. The values of A and B at the appropriate temperature 
18 is taken from table given by Manov et al. and the ion size, from 
that given by Preiser and Fernando ^. 
l u . . 
The r e su l t s of s e l e c t i v i t y coef f ic ien ts (Tables 20-23) 
indicate tha t as the temperature increases the value of s e l e c t i v i t y 
coefficient decreases. The r e s u l t s p lo t t ed (Figs.20-23) reveal 
that thp s e l e c t i v i t y coeff ic ient , K , does not remain constant at 
a l l with the varyinj^ concentrations of a lka l ine earth metal ions, 
X , Jii sol id phase anrl therefore IC should he c.ilculnted. 
K , the thermodynamic equilibrium constant can be calculated 
a 
in terms of s e l e c t i v i t y coeff ic ient 
K « _ l _ _ 2 i ( 4 ) 
a -,2 
Wa 
ISie values of sol id phase a c t i v i t y coef f ic ien ts can be 
17 evaluated following the equations used by Barrer 
-J ^"^ log ffg = 0.43'l3 \ * ^, log Kg - ) l°S Kg "^l . . . . ( 5 ) 
and 
log t^ = -0.i*3^ i3 ^^ - \,^ log K^ + j 1°S K^ dX^ j . . . ( 6 ) 
The thermodynamic equilibrium constant , K , i s also 
a 
20 Calculated following the expression given by Gain and Thomas 
m K^  = ( z^ - Zg) 4. m K^  dXj, ( 7 ) 
TJie thennodynamlc equilibrium constant , K , ca lcula ted 
following the equation 'Jt (Tables 20-23) with the values of thermodyna-
mic eqnlllhrjum constant, calculated with the equation 7 (Tables 2^-2?) 
shows that there i s a neg l ig ib le difference between these two va lues . 
For fur ther cnlculat ions K recorded from curves (Flffs,20-25) i s 
taken with a suiieriori ty of less probable error than the cnlculnted 
da ta . Those r e su l t s reveal tltat nlicHlJue e r r th netr.is at a l l the 
o 
t e m p e r a t u r e s r a n g i n g from 20-60 C. However, a t h i g h e r t e m p e r a t u r e s 
t h e de'!!;reo of s e l e c t i v i t y d e c r e a s e s a s compared t o t h a t of a t l ower 
t e m p e r a t u r e s . A c o a p a r a t i v e s t u d y of K v a l u e s a t d i f f e r e n t 
t e m p e r a t u r e s f o r d i f f e r e n t m e t a l i o n s r e f l e c t s t h e s e l e c t i v i t y o r d e r 
of a l k a l i n e e a r t h m e t a l I o n s r e m a i n s t h e same i . e . Ba > Mg * > S r t , 
2+ Ca 
0 
Tile standard free energy of exchange, ^^ G i s calculated 
from the thermodynamic equilibrium constant K , using the equation 
A G B ii=— In K ( 8 ) 
\Aere R is the gas constant and Z., ZL are the valencies of competing 
ionic species. T is the absolute temperature. The results 
(Tables 2^ *-27) indicate that during the exchange of alkaline earth 
metal ions over ferric antimonate in sodium form, the free energy 
change is negative over all the temperatures. At all the temperatures 
these exchanges are, therefore, spontaneous. 
0 
Bie standard enthalpy change, A H , has been ca lcu la ted 
2.9 3.0 3.1 3.2 3.3 
10^/T 
3. A 
Fig. 2A T em perature dependence of the log, 
of thermodynamic equilibrium constant 
using Van't Hoff equation 
In 1 -
^aT^ = - ^ ( ^ - 5 7 ) < ' ' 
0 
The A H values has been evaluated from the plot of log K 
asa ins t l/X (FiK.24). The r e s u l t s glvin i (Tables 24-27) nesat ive 
enthalpy change indicate tha t the react ion i s exothermic or, in 
other meaning the binding energy of one atom of a lka l ine earth metal 
i s lower than t h a t of two atoms of sodium. Thus, a lka l ine earth 
metals are more t i g h t l y hound to f e r r i c antimonate matrix than 
sodium. 
o 
The standard entropy change, A S , i s then calculated 
following the equation 
Z^  G = - A H** - T A S° ( 10 ) 
•Bie results of entropy change (Tables 24-27) produce a 
marfcable effect on the ion-exchange mechanism. The entropy loss 
is the indication of greater order produced in the forward reaction 
during alkaline earth metal ions transferred to ferric antimonate. 
Entropy change includes two reactions which occurs in the interphase 
and the solution. Ingoing from solution to solid phase some of 
the water of hydration of alkaline earth metal ions is removed to 
give a more orderly structure of alkaline earth metal ions in solid 
phase with resultant immobilization and reduction in the degrees of 
l i . . 
freedom of alkaline earth metal ions in exchanger phase and the 
contribution towards entropy loss. Further, the passage of Na ions 
from solid to solution resulted greater ordering*; of water and a 
further entropy loss. 
i^ .  
REFERENCES 
1 . E.M.Larsen and D .R .Vis se r s , J.Phy.C!hem., 6h, 1732 (196O). 
2 . I . G a l and A.Ruvarec, B u l l . B o r i s I n s t . N u c l . S c i . , 13, 1 (1962) . 
3 . G.H.Nancollas and B.V.K.R.A.Tllak, J .Inorg.Nucl.CJhem., 
3 1 , 56^3 (1969). 
h, E .Torraca , J.Inor.Nucl.CSbem., 31 , 1189 (1969) • 
5 . C.B.Amphlett, P .Baton, L.A.McDonald and A . J . M i l l e r , 
J . Inorg .Nucl .Chem. , 26, 297 (196^) . 
6. J . P . H a r k l n , G.H.Nancollas and H.Paterson, J . I n o r g . N u c l . C h e a . , 
26, 305 (196^). 
7 . y.Hasegawa, J . Inorg .Nucl .Chem. , 38, 319 (1976) . 
8 . S . A l l u l i and M.A.Massucci, J . Inorg .Nucl .Cheia . , 39, 659 (1977). 
9 . A . C l e a r f i e l d , ¥ .L .Duaz i , J.M.Garces and A.S.Medina, 
J . Inorg .Nucl .Chem. , 3 ^ , 329 (1972) . 
10 . L .H.Baes t le , J . Inorg .Nuc l .Chem. , 25, 271 (1963) . 
11. Aleksandar U . Ruvarac, J.Chromatogr., 60, 235 (l97l). 
12. L.H.Baestle and D.IIuys, J.Inorg.Nucl.Chem., 30, 639 (1968). 
13. E.M.Larsen and V.A.Cilley, J.Inorg.Nucl.Chem., 30, 287 (1968). 
1-4. J.P.Rawat and D.K.Singh, Anal.Chim.Acta., 87, 157 (1976). 
15. S.Harvie and V.Pekarek, Private Communication (1968). 
16. L.H.Baestle, D.Huys and D.Van Deyak, J.Inorg.Nucl.Chem., 
28, 2385 (1966). 
17. R.M.Barrer and R.P.Townsend, J.Chem.Soc, Faraday II, 
72, 661 (1976). 
i'^l.J 
18. G.G.Manov, R.G.Bates, V.J.Hamer and S.F.Acree, J .Am.Chem.Soc,, 
65, 1765 (19^5) . 
19. H . P r e i s e r and Q.Fernando, " Ionic E q u i l i b r i a in A n a l y t i c a l 
Chemistry", John Wilwy and Sons, I n c . , Neiir Yoilc (1966 ) . 
20. G.L.Gaines and H.C.Thomas, J .Cliem.phy, , 21 , 71^ (1953) . 
C H A P T i S I l - V 
SPECTROPIIOTO^IBTRIC DETHil^flNATION OF PilE^:OLS 
¥ITH PERIODIC ACID 
iGr 
C H A P T E R - V 
_SPECTHOPII0T0METHIC DETBIi^ fINATION OF PHENOLS 
™!i PERIODIC ACID 
Most of the phenols are weal: acids and the titration in 
aqueous medimi is not succebsful. However, titrations have "been 
1 
earned out in nonaqueous basic solvents . The use of nonaqueous 
system introduces other difilculties into the usual volumetric 
procedure as the control of moisture and carbondio:cide etc. should 
he made. For electrometric methods suitable electrode must be found 
that will function properly and '^ Ive a reasonable break in the 
titration curve. The volumetric procedures may be applied as a 
macro method as well as semimlcroraethod, but oftenly not recommended 
as a trace method or as a micro method* Determination of 
microquantities of phenols is of paramount importance because phenols 
are frequently used as preservatives and also have some corrosive 
power. A colorimetric procedure is very much fitting to this problem. 
In general, the formation of an intensity coloured product by a 
condensation or an oxidation or a combination with a specific reagent 
has been used for this purpose. The use of ^-aminoantipyrine has 
been made for the colorimetric determination of phenols -^, The 
method has been studied thoroughly and its application to the 
examination of industrial waste water have also been reported ' 
and it has been found suitable to determine a little as 20 ppb of 
a 
phenol in water . Various other recent references may also be cited 
lor the reaction of phenols with 4-aminoantipyrine^ . The 
Ill 
^-aminoantipyrine method Is among the most sensitive but many ring 
compounds give the test and many aromatic hydroxy compounds 
especially with an occupied paraposition do not react. The variable 
reactivity of substitued phenols is much that the materials to be 
analysed must be carefully examined to determine the applicability 
of the colour forming reaction. 
Periodic acid and some of the periodates have come into 
prominent use in recent years for the determination of polyalcohols 
15 
containin'^  two or more adjacent hydroxyl groups. Malaprade 
reported the oxidation of oC-glycols by periodate. The products of 
the reaction may be determined titrlmetrically. Stenmark has 
stated the Interference due to phenols. A review of periodate 
17 
oxidation method is given by Dyer . The reaction of periodate has 
been tried for detection of pyrocatechol, resorcinol and phloroglu-
18 
cinol with potassium lodate in dilute nitric acid media , No 
systematic studies have been reporter' for the reaction of periodate 
with phenol. 
Periodate acid, when reac t s with cer ta in phenols gives a 
yellow colour. The colour I s not given by phenolic acids l ike 
s a l i c y l i c acid and p-hydroxybenzoic ac id . Therefore, t h i s react ion 
has been studied in d e t a i l for the determination of phenols, i s 
described in t h i s chapter . The effect of reagent, e f fec t of 
temperature, effect of pH and study of Intereferences have been made, 
TSie mechanism of colour formation has been discussed and confirmed 
by studied reported e a r l i e r . 
1 i-' ^J 
EXPERIMENTAL 
Apparatus 
Metzer spectra (75) India was employed for spectrophotometric 
work. Blico pll meter model Ll-10 (India) was used for the 
measurement of pi*. 
Reagents 
All the reagents were of Analall grade, 
(i) Solution of periodic acid; A 2 g of periodic acid was taken 
in a 100 ml standard flcsk. The conductivity ifater freshly boiled 
and cooled was added to dissolve the periodic acid and total volume 
was made upto the mark. 
(ii) Solution of phenolic compounds: 1 g of phenol was dissolved 
in 100 ml of distilled alcohol as stock solution. The dilute 
solutions as required, were prepared from the stock solution. 
(iii) Buffer solution; The buffer solutions of pH (o-ll) were 
19 prepared by reported procedure of Britton , The composition is 
given in Table 28. 
i; 
TABI4E 28 
COMPOSITION OF "ffiE BUFFER SOLUTIONS 
S o l u t i o n A = 0.05M o x a l i c a c i d + 0.2M b o r i c a c i d 
S o l u t i o n B = 0.2M b o r i c a c i d + 0.05M s u c c i n i c a c i d + 
0.05M sodium s u l p h a t e 
S o l u t i o n C = 0.05M b o r a x 
S o l u t i o n D = 0.05M sodium b i c a r b o n a t e 
pH Amount of s o l u t i o n s t a k e n (ml) T o t a l volume 
A B C D ^"^^ 
1.5 8 4 . 1 0 1 5 . 9 0 - - 100 
2 ,0 3 4 . 3 0 6 5 . 7 0 - - 100 
2 . 5 1 0 . 0 0 9 0 . 0 0 - - 100 
3 .0 - 9 8 . 0 0 2 .00 - 100 
4 . 0 - 7 9 . 2 0 2 0 . 8 0 - 100 
5.0 - 6 0 . 8 5 3 9 . 1 5 - 100 
6 . 0 - 5 1 . 7 5 4 8 . 2 5 - 100 
7 .0 - 4 7 . 6 0 52 .40 - 100 
8 .0 - 3 5 . 9 0 6 4 . 1 0 - 100 
9 . 0 - 8 . 3 0 91 .70 - 100 
10 .0 - - 25 .30 7 4 . 7 0 100 
1 1 . 0 - - 3 .00 9 7 . 0 0 100 
1 I -*. 
Recommended gene ra l procedure 
One ml of the sample s o l u t i o n con ta in ing (20--1000 xig) was 
taken in a t e s t tube followed by the a d d i t i o n of 2 ml of 2% p e r i o d i c 
ac id s o l u t i o n . The r e a c t i o n mixture was shaken we l l and t o t h i s 
5 ml of bu f fe r so lu t ion of r e q u i r e d pll based on tlie n a t u r e of phenol 
o 
was added. I t was placed in a water ba th a t 60 +^  i C for 15 minu te s . 
Bie yellow coloured product was cooled and t r a n s f e r r e d to a 10 ml 
s tandard f l a s k , the t e s t tube vras wasSied with water and washings 
were added to the bulk of the s o l u t i o n in s t andard f l a s k . The 
t o t a l volume was made upto the mark with c o n d u c t i v i t y water and 
absorbance of t h i s so lu t i on was measured a t 380 nm a g a i n s t a r eagen t 
b l a n k . 
iv: 
RESULTS 
Qualitative analysis 
A small amount of phenol 0.1-1 mg was taken In a test tube. 
To this 1 ml of 2% periodic acid solution was added and heated for 
o 
some t ime in w a t e r b a t h a t t e r a i i e r a t u r e n e a r a b o u t 50 C. Ttie 
a p p e a r a n c e of y e l l o w o r o range c o l o u r shows t h e p r e s e n c e of p h e n o l . 
The r e s u l t s a r e summarized i n Tab le 2 9 . 
TABLE 29 
QUALITATIVli; TEST OF PHENOLS 
S i . 
No. 
1 . 
2 . 
3 . 
k. 
5. 
6. 
7. 
8 . 
9 . 
10 . 
1 1 . 
1 2 . 
Abbrevlat i 
Phenol t a k e n 
P y r o c a t e c h o l 
P y r o g a l l o l 
Quino l 
•^ - n a p h t h o l 
P - n a p h t h o l 
R e s o r c l n o l 
Phenol 
G a l l i c a c i d 
p - c r e s o l 
m - c r e s o l 
p h l o r o g l u c i n o l 
8 - q u l n o H n o l 
onsj OR = Orange, 
Y = Ye l low 
DY « 
RY = 
i 
Colour 
o b s e r v e d 
OR 
RY 
OR 
DY 
DY 
OR 
Y 
OR 
DY 
DY 
Y 
Y 
Dark Yel low 
Reddish Yel low 
i . v 
Optimum wavelength 
The absorbance of the yellow coloured product formed with 
the reaction of phenols and periodic acid \ias measured at various 
wavelengths. The r e su l t s are p lot ted in P ig ,25 . The r e s u l t s 
indicate that the maximum ahsorbance was observed at 380 nra. 
Studies of the optimum condit ions for the development of colour 
In order to set the optimuia conditions for the determination 
of phenols, the effect of possible var iables were s tudied . The 
r e s u l t s are summarized as follows: 
Effect of temperature 
One ml 0.02^ pyrocatechol (¥/V) was taken in a t e s t tube . 
To th i s was added 2.0 ml 2% periodic acid so lu t ion . Ihe reaction 
mixture was shaken well and kept a t specif ied temperature for 
15 minutes in the temperature control led waterbath, Tbe coloured 
product was then t ransfer red to a standard f lask and made upto 
the mark with conductivity water. The absorbance was measured 
for each set with respect to a reagent blank run under the s imilar 
condi t ions . Ihe r e s u l t s are presented in Table 30 and p lo t ted in 
Fig. 26. 
Wavelength (nm) 
Ff'g 25 Ab Sorption maxima plot 
•"" r • 
SI . 
No. 
1 . 
2 . 
3 . 
4 . 
5. 
6 . 
7 . 
8 . 
Effect 
a tes t 
EFFECT 
of t h e 
One m] 
t u b e . 
TABLE 30 
OF TEMPERATURE ON THE FORMATION 
175 
OF YELIOV COLOUHED 
PRODUCT OF PYROCATECHOL AND PERIODIC ACID 
1 
T«nperature 
(•c) 
20 
30 
40 
50 
60 
70 
80 
90 
amount of periodic ac id added 
. of 0.02?^ pyrocatechol so lu t ion 
To t h i s 2 ml of periodic acid ol 
Absorbance 
0 . 2 1 
0 . 2 9 
0.35 
0.40 
0 .42 
0 .42 
0 .42 
0 .42 
(W/V) was taken in 
: various concentrations 
e 
was added. The r e a c t i o n mixture was kept at 60 C f o r 15 minutes 
in wati 
10 ml 1 
w a t e r . 
erhath . 
standard 
Tile coloured react ion mixture was transferred to a 
[ f lask and di luted upto the marh 
The ahsorhance was measured a t 380 nm 
: with conduct iv i ty 
against a reagent 
0 5 0 
c 
D 
•Q 
o 
0.30 
0.10 -
L _ 
0 20 
± 1 
<0 60 60 fOO 
Temperature 1**C) 
Fig. 26 Effect of temperature onpyrocatechol 
periodic acid reaction 
O.tiO-
'::0.20 
^ 
% 
0.0 
0.2 0.6 10 /.4 ;.8 
Cone.of periodic Acid (VP) 
rig. 2 7 Effect of cone, of periodic acid 
on the formation ofacotouredproduct 
by pyrocatechol 
( ^ 
blank prepared under s imi lar condit ions. The r e s u l t s are p lo t t ed 
in Fig .27. 
Effect of pH 
Hie effect of pH in the determination of phenols with 
periodic acid was done for each phenol used in the determination. 
An appropriate amount of the phenol was taken in a t e s t tube, to 
t h i s 2 ml of 2% periodic acid was added. A 5 ml of buffer solution 
of pa r t i cu l a r pH value was added to the reaction mixture. The 
o 
react ion mixture was kept at 60 C in a temperature control led 
waterbath for 15 minutes. The coloured product was t ransferred to 
a 10 ml standard flask and made upto the mark with conductivi ty 
water. The absorbance of colour was measured at 380 nm against 
reagent blank run under the similar condi t ions . The r e s u l t s of 
pH effect for pyrocatechol are presented in F ig .28 . Table 31 shows 
the r e s u l t s of pH effect with various phenols with the pH given 
in the table as the pH at which the maximum absorbance was obtained. 
Cal ibrat ion graphs 
Calibration graphs were prepared applying the recommended 
procedure by taking 10-1000 jag of the various phenols. The r e su l t s 
of absorbances with d i f ferent amount of phenols are presented in 
Table 32. Hie ca l ib ra t ion graphs are p lo t ted to take an account of 
the app l i cab i l i ty of Beer ' s law in P ig .29 . The molar absorp t iv i t i e s 
ca lcula ted , are presented in Table 33. 
TABIJE 31 
EFFECT OF pH FOR THE DETERMINATION OF PHENOLS WITH PERIODIC ACID 
1 ! 
Si. phenol used pH at which maximum absorbance 
No. obtained 
^.0 
^.0 
1.5 
1.5 
1.5 
4.0 
9.0 
9.0 
1.5 
1.5 
9.0 
9.0 
1 . 
2 , 
3 . 
h. 
5. 
6. 
7. 
8 . 
9. 
1 0 . 
1 1 . 
1 2 . 
Pyrocatechol 
Py r og a l l o 1 
oL -naphthol 
p -naphtho l 
Resorc inol 
G a l l i c ac id 
Phenol 
Quinol 
p - c r e s o l 
m-oresol 
Ph lo rog luc ino l 
8 - q u l n o l i n o l 
0.60 
0X0 
I / ) 
0.20 
d fO 12 
pH 
Fig. 2.8 Effect of pH on pyrocatechol - periodic 
acid read ion 
x.>.. 
TABLE 32 
THE ABSOilBANCE OF THE COLOURED PHODUCT FOiiMED BY PERIODIC ACID 
WITtI VARIOUS PHENOLS FOR DIFFERENT AMOUNTS 
SI. 
Ko. 
1. 
2. 
3. 
h. 
5. 
6. 
7. 
SI. 
No 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
t 
Pyroci 
Amount taken 
MS 
25 
50 
100 
200 
300 
400 
500 
1 
atecho 
1 
Quino 
Amount taken 
20 
ho 
60 
80 
100 
120 
160 
200 
» 
Ab 
1 
1 
sorbance 
0.07 
0.12 
0.26 
0.54 
0.76 
1.05 
1 .31 
Absorb an ce 
0.12 
0.23 
0.37 
0.50 
0.64 
0.78 
1.05 
1.30 
! 
Pyrogallol 
1 
Amount taken Aboorbancc 
25 
50 
100 
200 
300 
400 
500 
t 
06 
0.08 
0.15 
0.27 
0.54 
0.72 
0.94 
1.16 
-naphthol 
« 
Amount taken Ab sorbance 
25 
50 
100 
200 
300 
400 
500 
600 
0.07 
0.12 
0.23 
0.40 
0.60 
0.78 
1.00 
1.16 
TABLE 32 ( C o n t d . ) 
Ic-
S I . 
No. 
1 . 
2 . 
3 . 
h. 
5 . 
6 . 
7 . 
8 . 
S I . 
N o . 
1 . 
2 . 
3 . 
4 . 
5. 
6. 
r 
B - n a p h t h o l 
AsiDunt ta'-ccn 
m. 
25 
50 
100 
150 
200 
250 
300 
350 
1 
1 
Absorbance 
p - c r e s o l 
Amount t a k e n 
J«K 
100 
250 
350 
500 
600 
750 
t 
Ab 
0 . 0 8 
0 . 1 7 
0 . 3 6 
0 . 5 4 
0 . 7 2 
0 . 8 8 
1.05 
1.24 
s o r b a n c e 
0 .09 
0 . 2 7 
0 . 4 7 
0 . 5 2 
0 . 6 4 
0 . 7 8 
1 
R e s o r c l n o l 
Amount talcen 
P& 
25 
50 
100 
200 
300 
400 
500 
600 
t 
1 
Absorbance 
m - c r e s o l 
Amount talcen 
JUS 
125 
250 
500 
750 
1000 
1250 
1 
0 . 0 6 
0 . 1 3 
0 . 2 3 
0 . 3 8 
0 . 5 6 
0 . 7 6 
0 . 9 2 
1.10 
Absorbance 
0 . 1 0 
0 , 2 2 
0 . 3 9 
0 . 6 0 
0 . 8 2 
1.00 
TABLE 32 (Contd.) 
.. -5 
S I . 
No. 
t . 
2 . 
3. 
>i. 
5^ 
6. 
7. 
S I . 
No. 
1 . 
2 . 
3. 
4 . 
5. 
6. 
1 
phenol 
Amount taken 
25 
50 
100 
200 
300 
400 
500 
t 
t 
Phlorog: 
Amount taken 
100 
300 
500 
700 
800 
1000 
• 
• 
Absorbance 
0 .04 
0 .09 
0.16 
0 .32 
0.50 
0 .66 
0 .82 
Lucinol 
Absorb ance 
0 .08 
0.27 
0 .46 
0.64 
0 .76 
0.94 
1 
G a l l i c 
1 
Amount taken 
40 
80 
160 
300 
400 
600 
^ 
1 
8-quinc 
t 
Amount taken 
Xlg, 
50 
100 
250 
500 
750 
1000 
ac id 
1 
Absorbance 
0.07 
0 .12 
0 .32 
0.40 
0.56 
0 .82 
^ 
i l i n o l 
Absorbance 
0 .03 
0 .08 
0 .25 
0 .52 
0 .82 
1.10 
n 
Amount taken (jag) 
Fig.29 a Colibration graphs 
u 
• Qui no I 
o pyrocatechol 
• Pyrogallol 
t^ fi -n aphthol 
0 100 200 SOO 400 
Amount taken (jug) 
Fig 29(b) Colibrotlon graphs 
500 
1 
0 250 500 750 1000 1250 
Amount token (MQJ 
Fig. 29(c) Co titration graphs 
18 
TABLE 33 
MOLAU ABSOitPTIVITIiilS OF VAilTOUS PirViNOLS 
S I , P h e n o l Molar a b s o r p t i v i t y (& ) 
" °* l i t r e m o l e s " cm" 
1 . Quino l 6 . 9 X 10-^ 
3 
2 . p - n a p h t h o l 5 .2 x 10 
3 
3 . p y r o g a l l o l 3 . 5 s 10^ 
3 
h, P y r o c a t e c l i o l 3 .0 x 10 
5 . oC-naphtho l 3 .0 x 10 
3 
6 . E e s o r c i n o l 2 .0 x 10 
7 . p h e n o l 1.6 x 10^ 
8 . G a l l i c a c i d 1.6 x 10^ 
3 
9 . p - c r e s o l 1.1 x 10 
3 
10 . p h l o r o g l u c i n o l 1.5 x 10 
3 
1 1 . ra-cresol 0 . 8 x 10 
1 2 . 8 - q u i n o l i n o l 1.5 x 10"^ 
^ t u d y of p r e c i s i o n 
Tlie r e p r o d u c i b i l i t y of r e s u l t s was checked by t e n r e p l i c a t e 
d e t e r m i n a t i o n s of 200 ^ of p y r o c a t e c l i o l . The r e s u l t s a r e p r e s e n t e d 
i n T a b l e 3 ^ . 
IPS 
'HABhE 3^ 
REPLICATE DiJlTEHMINATIONS OF PYHOCATECIIOL 
S i . Amount t a k e n Amount found '/o E r r o r S t a n d a r d 
No. xig jug d e v i a t i o n 
200 0 . 0 
202 1.0 
205 2 . 5 
198 - 1 . 0 
200 0 . 0 
202 1.0 
200 0 , 0 
195 - 2 . 5 
198 - 1 . 0 
202 1.0 
1 . 
2 . 
3 . 
4 . 
5. 
6. 
7. 
8 . 
9. 
1 0 . 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
JR = 2.71^ 3-
Study of interferences 
Numerous organic and inorganic compounds were added as 
foreign substances qualitatively as well as quantitatively in the 
determination of pyTocatechol. 
(i) Qualitative study of interferences; 1-2 ml of 0.02^ pyrocatechol 
was taken in a test tube. To this organic compounds were added 
as impurity. A 2 ml of 2% periodic acid and sufficient amount of 
ic . 
buffer was added to that reaction mixture. The product was heated 
0 
at 50-60 C in waterhath. The effect of foreign substances added 
was recovered by examining the colour i n t e n s i t y only. The following 
compounds were added as foreign substances: 
Acids; Succinic acid, benzoic acid, t a r t a r i c acid, s a l i c y l i c acid, 
]^-hydroxybenzolc acid, sulphani l lc acid, butyr ic acid, sulfosaXicylic 
acid, t o l u i c acid. 
Aldehydes; Acetaldehyde, fomaldehyde, salicylaldehyde . 
Hydrocarbons and t h e i r de r iva t ives : Benzene, toluene, chloroform, 
bromobenzene, chlorobenzene. 
Amides; Formamide, N-N-dimethyl-l-formamide, acetamide, succinimlde, 
oxamide, sal icylamide. 
Ethers: Methylphenyl e ther , anisole , e the r . 
Amines; Piper idine, ephedrine, dimethylainine, p - t o lu id ine . 
Ketones: Acptone, methyl n-propyl ketone, methyl n-amyl ketone, 
eyelohexanone. 
Alkaloids; Brucjne, n i c o t i n e . 
Amino ac ids ; Glycine, l y s ine . 
All these organic compounds produce no change in the in tens i ty 
of the colour produced by pyrocatechol and periodic ac id . 
Some inorganic compounds were also added to the react ion 
mixture. The solutions of stannous chlor ide , t i tanous chloride 
and ferrous ammonium sulphate were added. The colour i n t ens i t y of 
pyrocatechol-periodic acid product decreases . 
1 V. -V 
(il) Quantitative study of interferences; A knoi-m amount of orp;anic 
compounds, given in qualitative interference study were added in 
the determination of 200 jiQ of pyrocatechol followins tlie recommended 
procedure. The effect of foreign substance was recorded with change 
In absorbance. Tbe results of the detenalnatlon of pyrocatechol 
vrith the help of calibration graph vrith percent error are given in 
Table 35, with the aiaount of foreign substance added in the 
determination. 
TABLE 35 
STUDY OF INTSnFEllENCES T/ITH 200 jag OF PYROCATECHOL 
Organic compounds 
added as impurity 
Amount of 
compound 
added as 
impurity 
mg/ml 
100 
100 
50 
110 
100 
100 
120 
200 
100 
80 
Amount of 
pyrocatechol 
recovered 
m 
198 
200 
198 
202 
200 
203 
196 
200 
202 
195 
fo Erro: 
- loO 
0,0 
- 1.0 
1.0 
0.0 
1.5 
- 2,0 
0,0 
1.0 
- 2.5 
Succinic acid 
Benzoic acid 
Tartaric acid 
Salicylic acid 
p-hydroxybenzoic acid 
SulphaniHc acid 
Butyric acid 
Sulfosalicyiic acid 
Toluic acid 
Acetaldehvde 
TABLE 35 (Contd.) 
1 . -
Organic c 
added as 
Formaldehyde 
Sal icyldehyde 
Broraobenzene 
Chlor©benzene 
ioiupounds 
impur i ty 
Methylphenylether 
Di e thy If oruaini de 
Formamide 
Acetamide 
Succluimide 
Oxatnlde 
Salioylainlde 
Toluene 
P l p e r i d i n e 
Epliedrine 
Dimethylamine 
p - t o l u d i n e 
Thiourea 
Acetone 
Methylpropylketone 
Cyclohexanone 
Bruclne 
Glycine 
N ico t i ne 
t 
Amount of 
compound 
added as 
impur i ty 
mg/ml 
100 
50 
300 
300 
500 
400 
620 
100 
150 
100 
120 
50 
50 
100 
500 
50 
80 
650 
800 
800 
500 
kOO 
100 
1 « 
Amount of 
py roca t echo l 
r ecovered 
jug 
199 
207 
202 
201 
205 
200 
202 
200 
200 
204 
203 
196 
202 
204 
203 
205 
200 
200 
200 
202 
200 
202 
204 
% E r r o r 
- 0 .5 
3 . 5 
1,0 
0 . 5 
2 . 5 
0 . 0 
1.0 
0 . 0 
0 . 0 
2 . 0 
1.5 
- 2.0 
1.0 
2 . 0 
1.5 
2 . 5 
0 . 0 
0 . 0 
0 . 0 
1.0 
0 . 0 
1.0 
2 . 0 
DISCUSSION 
The formation of ye l low coloured produc t with t h e r e a c t i o n 
of p e r i o d i c acid and phenols can he s u c c e s s f u l l y used for the 
de te rmina t ion of p h e n o l s . The ciaxiinuin ahsorhnnce of the co loured 
product i s ob ta ined a t 380 nm (Fi,'^.25). A l l the spec t rophotorae t r ic 
me a sur extents in t 'nis v:or!£ :;ere nerforr.ed at tMis T:cYslen,';th, The 
formation of ye l low coloured protiuct depends on tVie tearpomLure. 
The r e s u l t s of F i s . 2 6 and Tahle 30 show t h a t t h e ahsorbance r i s e s 
0 O 
v/ith r i s e in tempera ture from 20 t o 50 C and above 60-90 C t h e r e i s 
no change in ahsorbance . I t i n d i c a t e s t i i a t the r e a c t i o n of phenols 
0 
with periodic acid compleLes at 60 C. Therefore, the reaction 
o 
mixture in each determination was heated at a temperature 60 jf 1 C. 
The amount of periodic acid added in the determination of phenols 
also plays an important role. The results of Fi,'^,.2? reveal that a 
sufficient amount of periodic acid will produce the maximum colour 
in the reaction. In the begining the increase in concentration of 
periodic acid increases the absorbance. For periodic acid 
concentration higher than 0.8je the absorbance is not changed further. 
Therefore, in the recommended procedure periodic acid i^ as taken in 
sufficient excess i.e. 2 ml of 2% to produce the colour with 
pyrocatechol. The absorbance of the coloured product is highly 
dependent on the pH. The results of table 31 reveal that the 
optimum pH varies with the nature of the phenols. A careful 
adjustment of pll was, therefore, done by adding a sufficient amount 
of buffer solution. After setting these conditions the calibration 
curves for various phenols were found to be reproducible (Table 32). 
O 1 
The ca l ibra t ion p lo ts (Fi/5.29) of these phenols show that Beer ' s 
lai-.' i s obeyed within the ranges indicated by these p l o t s . These 
p lots f^ .ive dif ferent slopes for the determination of the respect ive 
phenols. The molar abso rp t iv i t i e s of these phenols (Table 33) 
reveal that the determination of phenols in low amount can be done. 
Tile standrrd deviation for ten rep l ica te detennitiations of 200 ju3 
Ox pyrocatechol was found to be 2,71 >us (Table 3^) i^iich shows the 
precision of the r e su l t s and e r ro r i s ;^ 2,5/^. The r e s u l t s of 
interference study (Table 35) show that the successful determination 
of phenols can be made in the presence of a large number of organic 
compounds. The known amount of foreign substances added in the 
determination of 200 pg pyrocatechol, the amount recovered and er ror 
recorded show the e r ro r i s not too high e .g . within acceptable 
range. The addition of some reducing agents decreases the absorbance 
of the product formed in the reaction of pyrocatechol and per iodic 
ac id . An in te res t ing point i s tha t phenolic acids v i z . p-hydroxy-
benzoic acid and s a l i c y l i c acid do not give t h i s t e s t and hence a 
d i f fe ren t i a t ion can be made of two groups v i z . containinp; only 
phenolic groups and the jj^henolic acids containing COOH group with 
single OH group to the benzene r ing . However, the t e s t i s given 
by g a l l i c acid which contains three OH groups with COOH group on 
benzene r i ng . The determination of g a l l i c acid has been done in the 
sane way as for phenols. 
Mechanism; Periodic acid i s an oxidant and i s used to oxidise 
1 ^ 20 21 
o(-glycols by Malaprade react ion -^, Adler et a l . ' have studied 
the oxidation of phenols by periodates in various synthesis of 
quinones. 
On the basis of oxidising property of periodic acid the 
following mechanism may be suggested for the oxidation of pyrocatechol 
OH ^ 
HIOj* 
yfojH 
The f ina l product i s o-benzoquinone having deep colour (X 380 nra 
at pll h), This mechanisEi i s confirmed by Kaiser et a l . for 
22 oxidation of pyrocatechol by periodic acid . On the bas i s of 
oxidation of pyrocatechol the oxidation of other phenols can be 
suggested for the formation of quinones. 
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C H A P T E R - VI 
SP^CTHOPHOTCI-qjTlIIC DETSl^I-ilKATIOK OF PY1J.0GALL0L 
/JNTD GALLIC ACID BY DI:-ISTI:YI^^J:INE 
l L , V 
C II A P T E 11 - YI 
SPSCTnOlr'IIOTOirKTUIC D.-aT3:flMINATI0N OF PYHOGALLOL 
AMU GALLIC ACID BY DirETIIYLAMINS 
Spect rophotometr ie de te rmina t ion of phenols in g e n e r a l has 
been done by c nirtbcr of r eagen t s . However, the de t e m I n a t i o n 
of i n d i v i d u a l phenols lilce p y r o g a l l o l in preseac*- of o t h e r plienols 
has no t been r e p o r t e d . Scl:yilc e t a l . produced a method for the 
de te rmina t ion of pyro '^nl^ol . The d e t e r a i n c t i o n nay be app l i ed in 
presence of aonohydric phenols bu t a natibcr of o ther phenols such as 
ca t echo l , hydroquinone, r e s o r c i n o l i n t e r f e r e . 
A fjreenish yellov/ co lour i s observed wlien c e r t a i n amines are 
t r e a t e d with a l c o h o l i c s o l u t i o n of p y r o g a l l o l . Dimethylamine idilch 
g ives the most i n t e n s e co lour "..'as used fo r i t s de t e rmina t i on , A 
study of i n t e r f e r e n c e s , p r e c i s i o n and e f f e c t of v a r i a b l e s i s r epo r t ed 
in t h i s c h a p t e r . The method can a l so be app l ied for the detenj i ina t ion 
of g a l l i c a c i d . 1110 method i s s imple, s e n s i t i v e and s e l e c t i v e . 
I vJ 
EXPERDIKNTAL 
A p p a r a t u s 
A Eie teze r s n e c t r a 75 ( I n d i a ) was used f o r t h e s p c c t r o p h o t o -
n e t r i c i. 'ork, •/Ullco L i - 1 0 ' pH u e t e r f o r pK measurement xfas u s e d . 
lie a g e n t s 
A s t o c k s o l u t i o n of p y r o g a l l o l was p r e p a r e d by d i s s o l v i n g 
20 mK of p y r o g a l l o l i n 100 ml of d i s t i l l e d a l c o h o l . The d i l u t e 
s o l u t i o n was p r e p a r e d f r e s h eve ry day f r o a t he s t o c k s o l u t i o n d i l u t i n g 
v/ i th e t h y l a l c o h o l . The s o l u t i o n s of s a l l i e a c i d were p r e p a r e d i n 
a s i m i l a r manner a s p y r o g a l l o l . 
C o m n e r c i a l l y a v a i l a b l e dime t h y l amine (BZH) 25-30 p e r c e n t 
s o l u t i o n was d i l u t e d by add ing d e m i n e r a l i z e d w a t e r t o t h e amine 
s o l u t i o n i n t h e r a t i o of 1 : 1 . 
A l l o t h e r r e a g e n t s were of a n a l y t i c a l g r a d e . 
Recommended p r o c e d u r e 
A 5-10 ml sample s o l u t i o n c o n t a i n i n g 2 xig - 250 jjg of 
p y r o g a l l o l o r g a l l i c a c i d was t a k e n i n a t e s t t u b e , t o t h i s 2 ml of 
d i m e t h y l a m i n e s o l u t i o n and 5 ml of l.OM anuaouiuiii a c e t a t e were a d d e d . 
Kie r e a c t i o n m i x t u r e T>rns shaken f o r two m i n u t e s t h a n 10 ml of w a t e r 
and 10 ml of amyl a l c o h o l was added and t r a n s f e r r e d t o a s e p a r a t o r y 
f u n n e l . A f t e r s h a k i n g f o r 10 m i n u t e s t o s e t t l e down b o t h t h e l a y e r s . 
The uppe r l a y e r was d i s c a r d e d and t h e lower l a y e r was t r a n s f e r r e d 
I n a 25 ml s t a n d a r d f l a s k and d i l u t e d u p t o t h e mark w i t h d e m i n e r a l i z e d 
w a t e r . The a b s o r b a n c e was measured a t 380 nm w i t h i n one h o u r . 
RESULTS 
The a b s o A a n c e of t h e g r e e n i s h ye l lov / complex lonned l)y 
t h e r e a c t i o n o r p y r o ^ a l i o l and d i r a e t h y l a n i n e was measured a t d i f f e r e n t 
w a v e l e n g t h s ( F i g . 3 0 ) , I'he maximum a l ) so rbance was o b t a i n e d a t 380 nm. 
TliD fo l 'o i / in :^ cniner ; p l s o '^rvc t he c o l o u r r e r c t i o n s : m e t h y l a m i n e , 
1 , 3 - d i a m i n o p r o p a n e , d i e t l i y l a i n i a e , e t h a n o l a a l n c , 2-Dii : iaopropane, 
I s o p r o p y l a m i n e , n - b u t y i a r a i u e , p y r i d i n e , a n i l i n e , p - t o l u d i n e , 
d i p h e n y l a m i n e , p i p e r l d i n e , o - a n i s i d i n e and 1 , 2 - d i a i n i n o e t h a n e . 
Ammonia s o l u t i o n a l s o :^ives y e l l o w c o l o u r w i t h p y r o g a l l o l , t h e r e f o r e , 
c o m p a r a t i v e s t u d i e s were made f o r d i m e t h y l a m i n e and ammonia f o r 
p r o d u c i n g t h e c o l o u r . 
In o r d e r t o g e t t h e optimum c o n d i t i o n s f o r t h e d e t e r m i n a t i o n 
of p y r o g a l l o l , t h e e f f e c t of p o s s i b l e v a r i a b l e s was s t u d i e d . The 
r e s u l t s a r e summarized a s f o l l o w s : 
E f f e c t OJ" t ime 
0 . 8 ml of 0.005/0 s o l u t i o n of p y r o ^ a l i o l v;ns mixed w i t h 2 ml 
of d ime thy lamine s o l u t i o n and ammonium a c e t a t e (IM) s o l u t i o n . A f t e r 
v a r i o u s i n t e r v a l s of t ime t h e s o l u t i o n was shaken w i t h 10 ml of amyl 
a l c o h o l . The aqueous l a y e r was i s o l a t e d and volmne was matle u p t o 
t h e mark of a 25 ml s t a n d a r d f l a s k by add ing d e m i n e r a H z e d wa te i ' and 
thfe a b s o r b a n c e was measured a t 380 nin. The a b s o r b r n c e s were 0 . I 3 , 
0 . 1 5 , 0 . 1 6 , 0 . 1 6 , 0 . 1 6 , 0 . 1 6 , 0 . 1 6 , 0 . 1 6 , 0 . 1 5 , 0 . 1 ^ a f t e r 1, 2, 3 , 
4 , 5, 10, 30, 60 , 120 and 240 m i n u t e s r e s p e c t i v e l y . The r e s u l t s 
a r e p l o t t e d i n F i g . 3 1 . 
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Effect of dimethyl amine added 
To 5.0 ml of a solut ion containing 100 iJg of pyrogal lo l 
was added with 2 ml of dimethylamine solut ion of varying concentration 
1-100 percent (v/v) and 5 ml of ammoniumacetate so lu t ion . The 
di lu te solut ions of dimethylamine was prepared by taking appropriate 
amount of commercially ava i lab le solut ion which was 25-30 percent (w/v 
in a 100 ml standard flask and diluted with water upto the mark. 
The reaction mixture was shaken v/ell and kept a t room temperature 
for 10 minutes. To t h i s was added 10 ml of water than 10 ml of 
amylalcohol and shaken we l l . The aqueous layer was i so la ted and 
measured a t 380 nm. The r e su l t s are p lo t t ed in Fig ,32. 
Calibration graph 
A ca l ib ra t ion curve was presented for different amounts of 
pyrogallol following recommended procedure. The r e su l t s are p lo t ted 
in F ig .33 . 
Study of precis ion 
The reproducib i l i ty of r e su l t s was checked by eight rep l ica te 
determinations of pyrogal lol given in Table 36. The accuracy of 
method was checked by five unknown determinat ions. The r e s u l t s are 
presented In Table 37 with percent e r r o r . 
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TAB LB 36 
IlSPrtODUCIBILITY OF REPLICATE DSTEEJIINATION Oii' PYROGALLOL 
S I . 
No . 
1 . 
2 . 
3. 
5. 
6. 
7. 
8 . 
1 
Amount t a k e n 
100 
100 
100 
100 
100 
100 
100 
100 
1 
Amount found 
97.5 
100.0 
97.5 
100.0 
102.5 
97.5 
102.5 
97.5 
TABLE 
1 
37 
1 
',3 E r r o r 
- 2 . 5 0 
0 . 0 0 
- 2 . 5 0 
0 . 0 0 
•1-2.50 
- 2 , 5 0 
-i-2.50 
- 2 . 5 0 
S t a n d a r d 
d e v i a t i o n 
^ = 2.2lM<^ 
ACCURACY OF FIVE IJMIG]0i\W DETEiMINATIONS OF PYROGALLOL 
SI. 
No. 
Amount taken Amount found $ Error 
1 . 
2 . 
3 . 
h, 
5. 
35 
135 
100 
75 
150 
35.0 
130.0 
102.5 
75.0 
155.0 
0 ,0 
- 3 . 8 
+2.5 
0.0 
+3.3 
2UJ 
Determination of g a l l i c acid 
To study the reaction of r^alllc acid with dimetiiylaminc, 
the tiino effect wns notet' ns folloii's: 
Tlie absorhances were measured for :;^,allic acid cTinethylamine 
counle:: nt d l f e r e n t t l r s i n t e r v r l s . 'i^ie abrorhrnces i/ere 0 ,J8 , 
0.20, 0.2J, 0.22, 0.23, 0.23, 0.23, 0.23, 0.25 and 0.21 a f te r J, 2, 
3, 4, 5, 10, 30, 60, 120 and 240 ninutes respec t ive ly . These resuJ t s 
rever] that absorbaace of the coloured conple:: can be measured fron 
5 minutes to 2 bov.rs, 
Tlie r e s u l t s of dimethylomine adr'ed show tha t the maximum 
in tens i ty of the coloured complex i;as obtained by 50;j d i lu ted 
cJiEiethylanlne solut ion, which i s the sarae as for pyrogal lol . 
Since Sf'-lT l^c acid gives a similar react ion, therefore , the 
determination of n n l l i c acid can also be performed under s imi lar 
condit ions. A ca l ib ra t ion nraph was prepared for various amount of 
g a l l i c acid taken in 5 nil of sample solut ion following'; the recommended 
procedure. The r e su l t s are presented in Fig«33 along v;itli the 
r e su l t s of pyroga l lo l . 
Study of in terferences 
The study of in terferences was done qua l i t a t ive ly as well 
as quan t i t a t ive ly . The interferences of following compounds in the 
determination of pyrogallol was checked qua l i t a t i ve ly , resorc ino l , 
van i l l i ne , pyrocatechol, phloroglucinol, oC-naphthol, p-naphthol, 
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m - c r e s o l , l - n l t r o s o - 2 - n a p h t h o l , p h e n o l , 8 - h y d r o x y q u i n o l l n e , q u i n o l , 
s a l i c y l i c a c i d , fo rmic a c i t l , t a r t a r i c a c i d , p r o p i o n i c a c i d , 
a n t h r a n i l l c a c i d , b e n z o i c a c i d , p h t h a l l c a c i d , ' i - h y d r o x y b e n z o i c a c i d , 
t o l n i c a c i d , i s o p r o p y l a l c o h o l , e thy lcue t ' - . lyco l , a c e t o n e , a c e t o p h e n o n e , 
me thy l a m y l k e t o n c , ace ta i f l ldc , benzara ide , p h t h a l i i a i t i c , b e n z o u i t r i l e , 
:;, 5 - d l c l i l o r o p h 2 n y l h y d r a z i n e , s c i l c a r b a z i ' ' e h y e r o c J i l o r i d e , t ' l i o u r e a , 
t l i i o ' ' i y c o l l i c a c i d , c a l o r o b e n z c n o , ' ) r o u o b e n z e n e , cyclohD:!:pnuiie, 
n i c o t i n e , b r u c i n e , c a f f e i n e , s t r y c h n i n e , . ' g lyc ine . Tlie lov/er amount 
of above men t ioned compounds have no e f f e c t , b u t h i g h e r amount any 
o r may n o t i n t e r f e r e . Sotnc a l d e h y d e s nad u i t roconapounds i n t e r f e r e . 
Hhe q u a n t i t a t i v e i n t e r f e r e n c e s t u d y f o r t h e d e t e r m i n a t i o n of 
100 ug p y r o g n l l o l w i t h f o l l o v / i n s compounds was made by a d d i n g a 
Imoim amount of some o r g a n i c compounds j^ ivcn i n q u a l i t a t i v e 
i n t e r f e r e n c e s s t u d y . The amount of o r g a n i c coiLqiounds added i n t h e 
d e t e r m i n a t i o n of p y r o g a l i o l a r e g i v e n i n T a b l e 38 tvith p e r c e n t e r r o r . 
Some compounds were removed by extractJn,E; them in 10 ml a m y l a l c o h o l 
p o r t i o n , 2-5 t i m e s i n t h e s e p a r a t o r y f u n n e l , 
TABLE 38 
STUDY OF THE INTERFERENCES IN THE DETEiiMINATIOK OF 100 A'5 PYROGALIOL 
S i . Organ i c compounds added Amount of Amount of '^ E r r o r 
No, a s i m p u r i t y f o r e i g n p y r o g a l i o l 
s u b s t a n c e s found >ug 
added mg 
1 . N i l - 1 0 0 . 0 0 . 0 0 
2 . R e s o r c i n o l 1 6 , 0 1 0 0 . 0 0 . 0 0 
3 . V a n l l l i n e 1 .0 1 0 2 . 5 +2 .50 
k, P y r o c a t e c h o l 0 , 5 105 .0 +5 .00 
TABLE 38 (Contd.) 
2i:. 
S i . 
No. 
5. 
6. 
7 . 
8 . 
9. 
1 0 . 
1 1 . 
1 2 . 
1 3 . 
Ik. 
1 5 . 
1 6 . 
1 7 . 
1 8 . 
1 9 . 
2 0 . 
2 1 . 
2 2 . 
2 3 . 
2k. 
2 5 . 
2 6 . 
2 7 . 
2 8 . 
2 9 . 
t 
Organic compounds added 
as impurity 
Phloroglucinol 
Ji -naphthol 
p-naphthol 
m-cresol 
Ouinol 
Sa l icy l ic ccid 
Formic acid 
Tar tar ic acid 
Benzoic acid 
Phthalic acid 
4-hydroxyT3enzoic acid 
Toluic acid 
Thlo'^.lycollie acid 
Thiourea 
Isopropyl alcohol 
Ethyleneglycol 
Acetone 
Acetamide 
Benzamide 
Benzonitr i le 
ChlorolDenzene 
Broniobenzene 
Cyclohexane 
Nicotine 
Brucine 
1 
Amount of 
foreign 
substances 
added 
mg 
1.2 
20.0 
20.0 
150.0 
1.0 
40.0 
1220.0 
200.0 
200.0 
150.0 
75.0 
10.0 
3030.0 
500.0 
7800.0 
1110.0 
790.0 
500.0 
500.0 
2000.0 
5500.0 
9500.0 
9400.0 
1010.0 
1000.0 
1 
Amount of 
pyrogal lo l 
found 
m 
100.0 
97.5 
97.5 
102.5 
100.0 
100.0 
97.5 
100.0 
97.5 
102.5 
100.0 
102.5 
95.0 
100.0 
97.5 
100.0 
100.0 
97.5 
100.0 
97.5 
100.0 
100.0 
102.5 
100.0 
100.0 
1 
% Error 
0.00 
-2 .50 
-2 .50 
+2.50 
0.00 
0.00 
-2 .50 
0.00 
-2 .50 
-^2.50 
0.00 
+ 2.50 
-5.00 
0.00 
-2.50 
0.00 
0.00 
-2.50 
0.00 
-2.50 
0.00 
0.00 
+2.50 
0.00 
0.00 
Study of^  t h e complex formed 
The r a t i o of p y r o g a l l o l and g a l l i c a c i d w i t h d l r a e thy l a mi ne 
i n t h e c o l o u r e d coisplex v/as d e t e r m i n e d by t h e J o b ' s i i e thod ta lc ing 
O.IM c o n c e n t r a t i o n of p y r o g a l l o l o r g a l l i c a c i d and dime t h y l a i n i n e . 
For r a o l e r a t i o method t h e c o n c e n b r a t i o n of p y r o g a l l o l and d i r a e t b y l a n i n e 
\\ ifi O.Oi:: , flic v o l u „ p of p y r o g r - l l o l i^'cs tak."n 0 . 2 r.l v i t h d i f f e r e n t 
volumes of d i p i e t i i y l a u i n e . 'i'hc g a l l i c a c i d conccn Lra l ioi i was 0 .021 ' 
and 0 . 2 ml of g a l l i c a c i d was t a k e n w i t h d i f f e r e n l voluiaes of 
d i m e t h y l n n i n e . The r e s i H l s f o r J o b ' s net l iod and c o l e r a L i o method 
a r e p l o t t e d i n ? igs .3^ i ant- 'j5 f o r p y r o g a l l o l and F i g s . 3 6 and 37 f o r 
g a l l i c a c i d r e s p e c t i v e l y . 
St udy of c h a r g e ^ n tl ie coup l e x 
The c h a r g e on t h e comple^i was d e t e r m i n e d by a d d i n g t h e 
c o n p l e x e s formed by p y r o g a l l o l w i t h d i n e t h y l a m i n e t o boLh t y p e s of 
r e s i n s ( l ) Dowex-1, an a n i o n exchange r o s i n , and (2 ) Do^fex-50, c a t i o n 
exchange r e s i n . The r e a c t i o n m i x t u r e was shaken 10-15 n i l n u t e s , 
r e p e a t e d l y washed wi th d e m i n e r a i i x e d w a t e r t i l ] t h e s u p e r n a t a n t l a y e r 
was c o l o u r l e s s . The c o l o u r on t h e r e s i n b e a d s ^.'os n o t e d . The 
r e s u l t s a r e g i v e n i n Tab le 3 9 . 
TABLE 39 
TREATMENT OF THE RESIN BEADS "iCtTIl THE COLO UliED 
COMPLEX OF PYROGALLOL-DIMErHYLAMINE 
T i f 
S i . C o l o u r of r e s i n b e a d s Res in Co lou r of r e s i n b e a d 
No, a f t e r t r e a t m e n t 
1 . Very l i g h t y e l l o w Dowex - 5 0 No c o l o u r change 
2 , L i g h t y e l l o w Dowex - 1 Turns t o b l a c k 
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DISCUSSION 
The a"bsorbance of si^eenish yel low complex formed by mixing 
n y r o ^ a l l o l and dime thy lamine i/as raajcltnuni a t 380 nni as i n d i c a t e d in 
F i g . 3 0 . The X for g a l l i c ac id was a l s o 380 nm. Tlierefore, a l l 
A max 
t h e exper imental readings were made a t t h i s wavelength. 
A number of amines were used t o produce a yellov; co lou r v;ith 
p y r o g a l l o l and g a l l i c a c i d . A study of the i n t e n s i t y of the co lou r 
\';ith these amines shows t h a t maximum s e n s i t i v i t y was ob ta ined v/ith 
d imethylanine , t h e r e f o r e , dimethylamine was taken as a r eagen t fo r 
p y r o g a l l o l . A comparison of the colour viith ammonia i n d i c a t e s t h a t 
t he s e n s i t i v i t y was n e a r l y t h e same for bo th subs tances b u t aimnonia 
forms an uns t ab le complex which deco lou r i zes a f t e r 5 minutes whi le 
dimethylamine forms s t a b l e complex which does no t deco lour ize even 
up to one hour . 
The r e s u l t s of t ime e f f e c t (P ig .31) show t h a t 2-3 minutes 
a re s u f f i c i e n t for co lour development a t room t e m p e r a t u r e . The 
absorbance r ega ins cons tan t a f t e r t h a t t i l l one hour . However, a 
s l i g h t decrease i n absorbance was recorded a f t e r one hour , t h e r e f o r e , 
i t i s recommended t h a t the absorbance should be measured w i th in t h i s 
per iod i . e . from 5 minutes to one hour . 
The r e s u l t s of e f f e c t of diraethylamiae p l o t t e d In F ig .32 
r evea l t h a t t he raaxirauin absorbance of the yellov/ complex was ob ta ined 
a t 50 i^ d i l u t e s o l u t i o n of commercially su-^plied s o l u t i o n (25-30 pe r -
c e n t ) . Lower and h ighe r amounts of dimethylamine show a decrease i n 
2lo 
absorbance, therefore , 50^ di luted dime thy laiaine was used for the 
development of colour of pyrogallol and g a l l i c ac id . 
The r e su l t s of Fig.33 reveal tha t Beer 's lav; i s obeyed for 
pyrogallol and g a l l i c acid at 380 nm v/ithin the ranges 3 «S to 
250 jag and 2 xig to 250 xtg respec t ive ly . The s e n s i t i v i t y for pyrogal lol 
corresponding to the loT/est value of ahsorhance 0.02 (on ca l ibra t ion 
graph) can be calculated and i s equal to 3 Jug/5 ml of the sample 
solution or equal to 3 jug/25 ml of f i na l so lu t ion . For g a l l i c acid 
the s e n s i t i v i t y i s 2 Jug/5 ml of the sanple solution or 2 jug/25 ml 
of the f ina l so lu t ion . 
The r e su l t s of Table 36 indicate t ha t method gives reproducible 
r e su l t s with standard deviation of 2.21 jug for a set of eight 
r ep l i ca te determinations of 100 ng. The accuracy can be ver i f ied 
with the r e su l t s given in Table 37 of unknoim determinations. The 
er ror range i s -2 .5 to +3.0^0. This ind ica tes that the accuracy of 
melhod i s nlso i / i thin acceptable range. 
The sLudy of interferences in the determination of pyrogallol 
qua l i t a t ive ly shoirs that the following compounds in te r fe re i f tbey 
are present in higher amounts, m-cresol, resorcinol , l - n i t r o s o - 2 -
nanhtliol, 8-hydroxyquinolcne, phenol, quinol, van i l l l ne , pyrocatechol, 
p'"" Joro^i L'cinolj c^-naphtiiol nt loi.'er amounts they do not i n t e r f e r e , 
while the follov/ing corapounds do not i n t e r f e r e even i f they are 
present la ai^";ier r -oudts : s a l i cy l i c ccici, 1'onrio ncld, nn th rcn i l i c 
pcltl, bcn:^oic aciC, benzoic acid, ph tha i ic ncid, 'i-hydroxy benzoic 
2iJ 
acid, t o lu i c acid, isopropyl alcohol, ethylene :^lycol, ccetone, 
acetophenone, methylamyl ketone, acetaialde, benzamide, benzon i t r i l e , 
phthalimide, 2,5-dichlorophenyl hydrazine, cyclohexanone, n ico t ine , 
hrucine, caffeine, strychnine and g lyc ine . Aldehydes and n i t r o 
compounds i n t e r f e r e even at low amount. The r e s u l t s of the 
quant i ta t ive interferences for some coupouncLs given in (Table 38) 
show that a number or organic compounds do not i n t e r f e re in the 
determination of pyrogal lo l . Certain Interferences were removed 
by the use of arayl alcohol e . g . pyrocatechol, phloroglucinol, 
oC-naphthol, quinol, B-naphthol, resorc inol , van i l l i ne , m-cresol . 
The maximum amount of these compounds indicated in Table 38 added 
in the determination of pyrogallol do not i n t e r f e re and removed 
with arayl alcohol layer . Thus the use of arayl alcohol malces the 
method more s e l e c t i v e . The accuracy of the r e su l t s i s presented 
in terms of percent er ror obtained by s t a t i s t i c treatiaent of 
many data . 
The r e s u l t s of Job ' s method of continuous var ia t ion Figs.34 
anri 35 and raoleratio method Figs.36 and 37 indica te that the coloured 
coi-nlen formed have the r a t i o of pyrogallol:dimethylanine 2:3 and 
g a l l i c ncid: diEiethylamine of 1:2 respec t ive ly . The r e su l t s 
presented In Table 39 for the determination of charge of the complex 
tv^o\: that colour oT Do\f8x-l res in beads chan^'jes yelloi; to bJ.rclc. 
jJoweK-50 res in beads v/ere unaffected. The colour chnnge of atiion 
f icliGur.c rosin sl'ov-s that the coujple;j; iOr-cd by the raacuion oi' 
•:yro^alioJ. rJ^ d dinetl'.yia: due i s ne.'^ativcly ciiar^.cd. 
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Nature of r e a c t i o n 
P y r o g a l l o l or g a l l i c ac id "being a c i d i c in na tu re r e a c t s 
T:ith dimethyl amine which i s b a s i c and heuce t h e r e i s an ac id base 
r e a c t i o n : p y r o g n l l o l r e a c t s v/ith dimethylamine forming diciethylamine 
ion with p o s i t i v e charge and p y r o g a l l a t e ion vrith nega t ive c h a r g e . 
I'he p y r o g a l l a t e ion aiopears coloured hecnuse of i t s quinonoid form. 
The t au tomar i c system may be expla ined as fo l lows : 
OH H0~ 
< 5> 
A s i m i l a r type of behaviour may be suggested for g a l l i c a c i d : 
H 0 
OH 
Tile ac id base r e a c t i o a beti/een p y r o g n l i o l and diriethylamine 
ijr ,^nlJlc aciC nnG cI.! me Uiyl nr. in e i s fur t l : c r cotifirr^ed by J o b ' s . 'ethod 
-If' '^o].n"rTnt lo nct'iodB nrt t^ic renui rorncnt of 3 "^olcs of n n:'. vi r> n t o 
ui' syx-o;^;-i.loJ, .incl iii ."'"-'lie ecif. '^i Poies o7 aninc nr^ ^^  ro.'.c "-0 - C 
-1 "i 1 C C C J. C' „ 
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Studies on Bismuth Tungstate and its Use as a Lead Selective Inorganic Ion-Exchanger 
J. P. Rawat/K. P. Singh Muktawat 
Chemistry Department, Aligarh Muslim University, Aligarh, India 
Summary 
A new inorganic ion-exchanger bismuth tungstate has 
been synthesized. Its composition, chemical stability 
and ion-exchange properties have been studied. The 
material shows high selectivity towards Pb^''', which has 
been separated quantitatively from Zn^'^, Mg^*, Ca ^*, 
Mn-^''', Cu^* and Ni^'''. It also shows electron exchange 
behaviour with some strong reducing agents. 
Results and Discussion 
The results of synthesis and properties of bismuth tung-
state presented in Table I combined with the results of 
chemical stability given in Table 111 show that the re-
fluxed product is more suitable than the other samples. 
Therefore all studies were made on the refluxed product 
sample 7. 
Table I. Synthesis and properties of bismuth tungstate. 
Introduction 
Zirconium phosphate is the most studied of all the syn-
thetic inorganic ion-exchangers and shows very high 
selectivity towards cesium ions [1]. The selectivity of 
other ion exchangers towards certain metal ions has been 
reported in the literature [2—5]. Bismuth based exchangers 
have not been studied very much. Bismuth tellurate 
has been reported to show ion-exchange properties [6]. 
We summarize here the preparation, properties of bismuth 
tungstate and its use as a selective ion-exchanger for Pb "^^ . 
Experimental 
Reagents: sodium tungstate (BDH) was dissolved in 
water to prepare 0.1 mol dm"^ solution. Sodium 
bismuthate solution was prepared in nitric acid and water 
added until the final concentration of HNO3 was 
1.5 mol dm'^. All other reagents were of AnalaR grade. 
Apparatus: A temperature controlled SICO shaker, 
Bausch and Lomb Spectronic 20 and 'ELICO' pH meter 
model Li-10 were used for shaking, spectrophotometric 
and pH measurements respectively. 
Synthesis: seven samples of bismuth tungstate were 
prepared by mixing 0.1 mol dm"^ sodium tungstate and 
0.1 mol dm"^ sodium bismuthate in the volume ratio 1:1. 
The sodium bismuthate was added to sodium tungstate 
solution and the desired pH was adjusted by adding HNO3 
or aqueous ammonia. The refluxed sample (numbered 7) 
was prepared by refluxingthe mother liquor of sample 1 for 
24 hours at 100 °C. The precipitate was filtered off, 
washed with demineralized water and dried in an in-
cubator at 40 °C, The material was converted to the 
hydrogen form by treatment with 2.0 mol dm"' HNO3 
for 24 hours with occasional shaking and intermittent 
changing of the HNO3 • 
Finally it was washed with demineralized water and 
dried at 40 °C. The sieve fraction 25-30 mesh was used 
for distribution studies. The conditions of preparation 
are summarized in Table I. 
Sample 
1 
2 
3 
4 
5 
6 
7 
Conditions of synthesis Properties 
pHof 
final 
solution 
0 
3 
5 
Negative* 
Negative 
Negative 
Negative 
Tempe-
ratureat 
which 
sample 
prepared 
R.T. 
R.T. 
R.T. 
R.T. 
60 °C 
90 °C 
Refluxed 
at 100°C 
Colour in 
H* form 
Yellowish white 
Yellowish white 
Yellowish white 
Yellowish white 
Light yellow 
Light yellow 
Light yellow 
Ion-ex-
change 
capacity 
meq/g 
for Na* 
0.57 
0.55 
0.74 
0.65 
0.63 
0.53 
0.52 
Compo-
sition 
Bi;W 
1:1.99 
1:2.00 
1:2.10 
1:1.99 
1:1.98 
1:1.99 
1:1.99 
R.T. = Room temperature. 
* Negative pH means pH-meter indicates pH slightly less than 
zero (approx. zero) 
Ion-exchange capacity: the ion-exchange capacity of 
bismuth tungstate was determined by taking 1 g exchan-
ger in the hydrogen form and passing 1.0 mol dm"' 
NaNOj over it. The eluent was titrated with standard 
NaOH. The results are given in Table I. The ion-exchange 
capacity (sample 7) for alkali and alkaline earth metal 
ions are summarized in Table II. The exchange capacity 
varies from 0.30-0.50 meq/g for these ions. 
The exchange capacity of bismuth tungstate (sample 7) 
was also determined by the gravimetric method [7]. 
2-3 g of exchanger was taken and 1.0 mol dm"' nitric 
acid passed to load the exchanger with hydrogen ions. 
After washing with demineralized water until the eluent 
was free of hydrogen ions, the sample was dried at 
40 °C. From this sample a fixed amount (1 g) of exchan-
ger was taken in two columns. In the first 400 cm' 
1.0 mol dm"' solution of the particular divalent metal 
ion was passed and in the second column 400 cm' 
demineralized water was passed. The first column was 
washed with demineralized water, until no further 
metal ion could be detected in the eluent. The ex-
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changer from columns I and II was transferred carefully 
to weighing bottles I and II respectively and dried at 
110 °C for 36 hours. The calculations were made as 
follows: 
Table II. Exchange capacity of bismuth tungstate (sample 7) 
for different uni and divalent metal ions. 
1000 
Q(meq/g dry weight) = g ^ T T i ; i Q , - G . d r y 
G1 • G2 dry 
where 
Q exchange capacity 
E A equivalent weight of counter ion A 
E B equivalent weight of counter ion B 
G2 weight of exchanger taken in first column 
Gi weight of exchanger taken in second column 
G2 dry weight of dried sample of first column 
G1 dry weight of dried sample of second column. 
The gravimetric exchange capacity gives some results 
higher than those measured by column operation (Tab-
le II). This IS probably due to the adsorption of the 
metal ions on the exchanger. Using a gravimetric proce-
dure the sum of the exchange capacity and the adsorp-
tion is determined 
Chemical stability 0 5 g of exchanger in hydrogen form 
was shaken with 50 cm^ of the appropriate solvent for 
6 hours at room temperature Bismuth and tungsten 
were determined in the supernate by the thiourea [8] 
and thiocynate methods [9] respectively The results 
are presented in Table III. The values in the table refer 
to the amounts of Bi and W dissolved in 50 cm^ solvent. 
They indicate that bismuth tungstate can be used in 
nearly neutral media 1 e. water, salt solutions, dilute 
HNO3 and dilute NaOH without appreciable loss HCl 
and H2SO4 affect the exchanger and dissolve out 
bismuth to a certain extent. The sample prepared at 
higher temperatures shows smaller loss. 
Metal 
ion 
Li* 
Na* 
K* 
Mg=* 
Ca'* 
Sr^* 
Ba'^ 
Cd^* 
Zn'* 
Salt used 
LiNOj 
NaNOj 
KNO3 
Mg(N03), 
Ca(N03)j 
SrCNOj), 
BaCNOj)^ 
CdCNOj)^ 
Zn(N03), 
Concen-
tration 
moldm'^ 
2 0 
2.0 
2 0 
1 0 
10 
1 0 
1.0 
1 0 
1 0 
PH 
5.8 
6 0 
6 0 
6.6 
6 7 
6 7 
5 9 
6 5 
6 2 
Exchange 
capacity 
by column 
process 
meq/g 
0 40 
0 5 2 
0.42 
0 30 
0.35 
0.45 
0 32 
-
Exchange 
capacity by 
gravimetric 
method 
meq/g 
-
0,57 
0.50 
0 42 
0.46 
0.62 
Chemical composition A 200 mg portion of the ex-
changer was fused with 0 5 g Na2C03 and 0 5 g KNO3 
in a platinum crucible. The fused product was dissolved 
in water and filtered. The residue was dissolved in 
dilute HNO3 Bismuth was estunated volumetncally 
[ 10] in the residue and tungsten was determined gravi-
metncally by precipitation from the filtrate with mer-
curous nitrate [11]. The analysis results are given in 
Table I These give an apparent ratio of Bi W of 1 2 
The valencies are satisfied through the oxygen bonds. 
lon-cxcliange potentiometnc titrations the pH titra-
tions of sample 7 were performed by the method of 
Topp md Pepper [12], with LiOH, NaOH, KOH and 
aq NH3 with their respective salts The effect of hy-
droxyl ions on the pH of the equilibrating solution is 
shown in Fig la with added salt procedure It is clear 
from the figure that bismuth tungstate in the hydrogen 
form behaves as a dibasic weak acid in which the first 
Table III. Stability of bismuth tungstate in different solvents. 
Solvents 
Demineralized water 
Sodium nitrate 
l . O m o l d m ' 
Nitric acid 
4 0 mol dm" ' 
Ammonium nitrate 
1 0 mol d m - ' 
Hydrochloric acid 
4 0 mol dm" ' 
Sulphuric acid 
4.0 mol dm" ' 
Methanol 
Sodium hydroxide 
1.0 mol dm"' 
Oxalic acid 
2.0 mol dm"' 
Acetic acid glacial 
4.0 mol dm"' 
Sample 1 
mg/50 cm3 
Bi W 
0.0 
0.0 
17.40 
0 0 
6.40 
13.40 
0.0 
0.0 
1.20 
8.0 
0 1 
0 0 
0.0 
0.0 
0.0 
0.0 
0.25 
5.60 
2.20 
0.5 
Sample 2 
mg/50 cm^ 
Bi W 
0 0 
0.0 
38 0 
0.0 
15.60 
62.5 
0.0 
0.0 
2.0 
12.80 
0 35 
0 0 
0 0 
0.0 
0.0 
0.10 
2.10 
4.80 
2.00 
0.35 
Sample 3 
mg/50 cm3 
Bi W 
0.0 
0.0 
55.0 
0.0 
65 0 
65.25 
0.0 
0.0 
2.20 
5.0 
0 50 
0.0 
0.0 
0.0 
0.0 
0.10 
1 10 
2 10 
0.60 
0.25 
Sample 4 
mg/50 cm^ 
Bi W 
0 0 
0.0 
14.6 
0.0 
25.0 
25.0 
0.0 
0.0 
2.00 
5.20 
0.00 
0 0 
0 0 
0.0 
0.0 
0.0 
0.80 
7.70 
0.95 
0.10 
Sample 5 
mg/50 cm3 
Bi W 
0 0 
0 0 
45.0 
0.0 
23.4 
23 40 
0.0 
0.0 
2 40 
8.60 
0 0 
0 0 
0 0 
0.0 
0.0 
0.0 
1.20 
4.80 
0 35 
0.0 
Sample 6 
mg/50 cm^ 
Bi W 
0 0 
0 0 
4 6 
0 0 
12 4 
12.40 
0 0 
0.0 
3 00 
2.80 
0.0 
0.0 
0 00 
0 0 
0 0 
0 0 
0 50 
6 30 
0.10 
0 0 
Sample 7 
mg/50 cm 3 
Bi W 
0.0 
0.0 
2.0 
0 0 
14.60 
19 20 
0.0 
0 0 
160 
7.60 
0 0 
0 0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.00 
0.10 
0 0 
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dissociation occurs m acidic medium while the second 
IS obtained in basic medium at a pH higher than 8. 
However, using aq NH3 as a titrant the second dissocia-
tion Step is not veiy clear because aq NH3 is a weak 
base and the second dissociation step is not complete. 
The reverse pH titration was also performed taking the 
exchanger in the sodium form and equilibrating with 
HCl and NaCl mixtures This gives only a one step 
reaction for the replacement (sodium by hydrogen) due 
to lower initial pH as shown in Fig. lb 
Heat treatment sample 7 was dried at different tempera-
tures m a muffle furnace for 2 hours and the ion-ex-
change capacity for Na* (1 0 mol dm'^) was 0.52, 
0.42, 0.35, 0.30 meq/g for the products dried at 40 °C, 
100 °C, 200 °C, 300 °C respectively. This indicates 
that with increasing temperature of treatment a slow 
decrease in ion-exchange capacity is observed 
Distribution studies the distribution coefficients of 
32 metal ions by batch process on sample 7 in 7 systems 
were determined 
Kd 
Amount of metal ion in exchanger phase g ' 
Amount of metal ion in solution phase cm~^ 
The total volume of the equilibrating solution was 
50 cm^ and the amount of exchanger was 0 5 g The 
shaking time remained 6 hours Silver was determined 
by a spectrophotometric method [13] AU other cations 
were determined by titration with 0.002 mol dm"^ 
EDTA. The Kd values for 32 metal ions in demineralized 
water, 0 1 mol dm"^ NaNOj, 0.1 mol dm"^ NH4NO3 
and HNO3 of pH 1,2,3 and 4 were determined These 
results (not recorded here) indicate that bismuth tung-
state shows a very high selectivity towards Pb^ "^  ions 
over other ions The uptake of Pb^* is so strong that it 
may be separated from a large number of elements. 
Separations for separation studies, a 30 X 0 39 cm^ 
glass column was used with 2.0 g bismuth tungstate on a 
glass wool support. The flow rate m all separations was 
0.5 cm^/min approximately. 
Separation of Pb^* from Mg^ -", Ca=*, Mn= ,^ Hg^ "^ , Cu'*, 
Ni^ '^ , Zn^* were achieved and Cu^* from Ag^  was also se-
parated Pb^* and Ag* were eluted with 0 1 mol dm"^ 
HNO3 and 1.0 mol dm" ' NH4NO3 mixture and all 
other cations with 0.2 mol dm"^ - 0 5 mol dm"^ NH4 
NO3. The order and the eluents are presented m Fig. 2 
These suggest bismuth tungstate as a useful means of 
separating Pb from Zn and Ag and other fields where 
the removal of Pb is important 
Electron exchange bismuth tungstate also shows elec-
tron exchange for some strong reducing agents like 
iron(II), tm(II) and thioglycohc acid. This may help in 
the detection and determination of strong reducing 
agents. When Sn^ * is passed through this exchanger, 
the exchanger turns bluish black and on washing with 
NaNOs solution, the eluent shows a positive test for 
Sn"*. Similarly when Fe^ * is passed through the ex-
changer It turns greenish black and Fe^ '^  is oxidised to 
« r 
12 
10 
X 
Q. 4fi 
. * - - — " ^ 
A (a) NaOH-NaCI 
* (b) KOH-KCI 
o (c) LiOH-LiCI 
• (d) NHfiH-NHiCt 
20 30 iO 
Alkali added (cm^) 
0 10 
Fig. la 
• pH titration curve for bismuth tungstate 
Olmoldm-^HCI added 
50 
e 
7 
6 
5 
^4 
3 
2 
1 
40 
•• • I 1 
-
-
» — • — • — 
0 10 
30 20 10 
20 30 iO 
NaCl added (cm^) 
0 
50 
Fig. lb 
• pH titration curve of bismuth tungstate in Na* form HCl-NaCl 
Fe^* which can be eluted with NaNOs The exchanger 
after use can be regenerated with hydrogen peroxide 
to regain its original colour and can be used repeatedly 
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